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NOTES ON THE MESOZOIC AND CENOZOIC PiLim' 

TOLOGY OF CALIFORNIA. 



By Chaeles a. White. 



GENERAIi REMARKS. 

Having been for a namber of years engaged in the stndy of those 
Mesozoic and Geuozoic formations of the United States which lie be- 
tween the one hundredth and one hundred and fourteenth meridians, it 
became desirable that I should make some comparisons of them with 
the formations of similar age which are known to constitute important 
portions of the geological series as it is developed in the Pacific coast 
region. Dr. G. F. Becker, in charge of the Pacific division of the Sur- 
vey, in the course of his investigations also found it necessary to the 
proper elucidation of certain of the problems involved in his work that 
some special paleontological studies should be made in connection with 
it. I therefore, by request of the Director, devoted the season of 1884 
to such investigations as have a direct bearing upon the Mesozoic and 
Genozoic formations of California, extending my field observations to 
numerous localities within that State and to certain localities in Oregon 
also. These investigations were pursued in association with Dr. Becker, 
who gave his attention to the more purely geological questions with 
which they are intimately connected. The results of our respective 
studies are published in companion bulletins of the Survey, Nos. 15, 
(the present one,) and 19. 

While only a few months have been given especially to this work upon 
the Pacific coast, I have had the advantage of a previous acquaintance 
with the results of the labors of all other authors who have written upon 
the paleontology of California ; and these advantages I deem sufficient 
warrant for the conclusions which I have reached, and for their publi- 
cation in the present form. Upon undertaking this work the questions 
which seemed more especially to demand my attention were, first, the 
true geological age of the Tdjon Oroup of the California geologists, and 
its relation to such of the associated groups as they had also recognized, 
that is, the relation of that group to the Miocene above and to the Chico 
and Shasta Groups beneath ; second, the relation between the Chico and 
the Shasta Groups ; third, the relation of the Shasta Group to the other 
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One of the principsA cJ^/Tt^eled to the satisfactory accomplishment of 
this work }^a^ b^u foinAl* in the fact that the fossil fannas of the Pa- 
cific ;poa^*t'^0ail*diiter so greatly from those which are presumably of 
\ llhXi ^nie age respectively in other parts of the continent. Indeed, a 
'{ conspicuous feature of the paleontology of that western region, at least 
as regards the formations from the Shasta, to the T^jou Group, tnclnsive, 
is the great paucity, and perhaps the entire absence, of fossil species in 
those formations respectively which are identical with any that are 
found in formations presumably of the same age which lie to the 
eastward of that region.^ Similar remarks will also apply to the Mio- 
cene and later deposits of the Pacific coast. Furthermore, the Car- 
boniferous fauna of that region, so far as it is known, presents marked 
differences from that of any of the di\isions of the Carboniferous series 
as it is known in other parts of North America. Therefore, in the 
paleontological study of the Pacific coast formations one must discuss 
their respective equivalent formations in other parts of the continent 
and in otiier parts of the world mainly with reference to the generic and 
family types which are represented in their respective faunas. This 
dissimilarity between the fossil faunas of corresponding formations of 
the Pacific coast region and of the central and eastern portions of this 
continent is quite as great as it is between corresponding formations 
in Eastern Korth America and Europe. In many cases, indeed, one may 
discuss questions concerning the equivalencies of formations in Eastern 
North America and Europe, respectively, with more confidence than 
similar questions concerning the formations of eastern and western 
portions of North America. 

In discussing the paleontological questions here proposed I shall have 
frequent occasion to refer to geological structure ; and it will be neces- 
sary for me to use in this connection the classification of strata which 
was proposed by the State geological survey of California for that re- 
gion, and which has become generally accepted by geologists. A por- 
tion of that classification, however, was not regarded by the geologists 
of the California survey as fully established, and it was proposed by them 
only provisionally. It is proper for me to say in this connection that 
not only do these provisional portions of that classification still remain 
unsettled, but that I also find the limits, both faunal and stratigraphical, 
of a part of the formations which they fully recognized to be indefinite 
and of doubtful character. 

My season's field work upon these formations has been in a good de- 



1 Some Chico fossils have, however, been found to the eastward of the Cascade 
Mountains, in Oregon ; but the extent of the formation which contains them there, 
and its relation to the Cretaceous strata further eastward, is not known. See re- 
marks on subsequent pages concerning the identification of California fossils with 
Eastern species ; also remarks on the separation of contemporaneous Cretaceous faunas. 
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gree satiafactory, beoanse I was able to collect in t)eftotl tAAty Of the 
species of fossils which characterize the respective groups of strata, and 
because I was able to verify numerous unpublished observations pre- 
vionsly made by Dr. Becker, besides many others which were made 
still earlier by Prof. J. D. Whitney, the results of which are published 
in the State Geological Eeports of California.^ In fact I have verified so 
many of the published observations of Professor Whitney that I do 
not hesitate to accept his statements in such other cases as I shall find 
it necessary to refer to in the following discussions. 

I find the case somewhat different, however, as regards the work done 
by Mr. W. M. Gabb in connection with the geological survey of Cali- 
fornia ; but the adverse views which I have formed in relation to it re- 
fer much more to the conclusions which he reached than to the pub- 
lished details of his observations and of his descriptive paleontology.' 

Taking up the subjects which it is proposed to discuss in this article, 
in the order in which they are mentioned in a previous paragraph, we 
have first to consider the T^jon Group. In his studies of the Mesozoic 
and Cenozoic formations of California, Mr. Gabb recognized four groups 
of strata as referable to the Cretaceous period ; and this classification 
was officially adopted by the geological survey of that State. As one 
looks through the published writings of Mr. Gabb in relation to the 
grouping of the California strata, and their age and relations to the rec- 
ognized groups of North America and Europe, a ceitain want of har- 
mony appears in regard to the statements which he has made. I think 
it is only just to say that I regard this as largely due to the modifica- 
tion which his views necessarily underwent during the progress of his 
work, although he appears not to have made any explicit statements to 
that effect in any of his later publications. I shall therefore refer more 
especially to his later utterances, as I find them in the various publica- 
tions to which he has contributed, especially in Vol. II, Paleontology of 
California, omitting as far as practicable material reference to his ear- 
lier views, although many of the discussions which have arisen in rela- 
tion to them refer to the latter. 

The following paragraphs, copied from Professor Whitney's preface 
to Vol. II, Paleontology of California, pp. xiii and xiv, give a concise 
account of those formations in accordance with Mr. Gabb's later views 
and as they were finally adopted by the State survey. It is these for- 
mations alone that I propose to discuss in this article, and I shall con- 
sider the other formations of that region only in their relation to these. 

1. The T^Jon Group, the most modem member, the Division B of Paleontolo^, Vol. 
i, to peculiar to California. It is found most extensively developed in the vicinity of 

*8ee Vols. I and II, Paleontology, and Vol. I, Geology of California. 

'Mr. GabVs work on the fossils of California is mainly contained in Vols. I and II 
of the Paleontology of California, but the following papers may be referred to for 
other discussion*} which relate to his work in that State : American Journal of Conch- 
ology, II, pp. 87-92 ; V, pp. 5-18 ; American Journal of Science, (2), XLIV, pp. 226- 
899; Ptooeedings of the California Academy of Science, III, pp. 301-306; V, pp. 7-8. 
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Fort T^on and aboat Bfartinez. From the latter locality it forms an almost contina- 
ons belt in the Coast Ranges to Marsh's, 15 miles east of Monte Diablo, where it sinks 
under the San Joaquin Plain. It was also discovered by different members of the sur- 
Tey at vaiious points on the eastern face of the same range as far south as New Idria^ 
and in the snmmer of 1866, by Mr. Gabb, in Mendocino County, near Round Valley, 
the latter locality being the most northern point at which it is yet known. It is the 
only coal-producing formation in California. 

This group contains a large and highly characteristic series of fossils, the larger 
part peculiar to itself, while a considerable percentage is found to extend down into 
the next group, and several species still further down into the Chico Group. Mr. 
Gabb considers it as the probable equivalent of the Maestricht beds of Europe. 

2. The Martinez Group is proposed provisionally, to include a series of beds, of 
small geographical extent, found at Martinez and on the northern flank of Monte 
Diablo. It may eventually prove to be worthy of ranking; only as a subdivision of 
the Chieo Group. 

3. The Chico Group is one of the most extensive and important members of the 
Pacific coast Cretaceous. Its exact relations with the formation in Europe have not 
been fhlly determined, though it is on the horizon of either the Upper or Lower Chalk 
and may prove to be the equivalent of both. It is extensively represented in Shasta 
and Butte Counties and in the foot-hills of the Sierra Nevada as far south as Folsom, 
occurring also on the eastern-face of the Coast Ranges bordering the Sacramento Val- 
ley, at Martinez, and again in Oristimba CaQon, in Stanislaus County. It includes all 
the known Cretaceous of Oregon and of the extreme northern portion of California, 
and is the coal-bearing formation of Vancouver's Island. 

4. The Shasta Group is a provisional name, propo8ed to include a series of beds of 
different ages, but which, from our imperfect knowledge of the subject, cannot be 
separated; it includes all below the Chico Group. It contains fossils, seemingly rep- 
resenting ages from the Gault to the Neooomian, inclusive, and is found principally 
in the mountains west and northwest of the Sacramento Valley. Two or three of its 
characteristic fossils have been found in the vicinity of Monte Diablo, and one of the 
same species has been sent from Washington Territory, east of Puget Sound. Few or 
none of its fossils are known to extend upwards into the Chico Group. 

(10) 
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THE OHlCO-TfiJOK SERTBS. 

It appears from Mr. Gabb's later pablications that he recognized that 
all the strata from the base of the Ghico Gronp to the top of the T^jon 
form an unbroken portion of the great geological series. And yet, with 
perhaps the exception of his Martinez division, which he proposed pro- 
visionally, he always discassed those divisions as if they were as dis- 
tinctly definable as geological formations usually are. Geologists will 
probably always find it convenient to retain the names T6jon and Ghico 
for the upper and lower portions of this series, respectively, but I have 
not been able to find any good reason for retaining the name Martinez 
Group for any portion of it. I shall therefore reject the Martinez Group 
so far as my own discussions of the series here referred to are concerned. 

The first published fossils of that series of strata which afterward 
rexjeived from the California survey the name of T6jon Group were ob- 
tained by parties of the Pacific Eailroad surveys, some thirty years 
ago. These fossils were described by Mr. T. A. Conrad in the reports 
of that survey, and by him referred to the Eocene Tertiary.* So far as 
I am aware, he never changed his mind as to the geological age of these 
fossils, nor of the group of strata from which they and many others 
were afterward obtained. On the contrary, he repeated the publication 
of his views' and strongly contended for their accuracy. Mr. Gabb 
alone, so far as I am aware, has published any of the fossils of the T^jon 
Group as of Cretaceous age -, and this he did with a positiveness of as- 
sertion which, while it left no doubt as to his views, is only warranted 
in cases where the evidence is abundant and unquestionable from any 
reasonable standpoint.^ 

The publication of Mr. Gabb's views with the sanction and in the 
reports of the geological survey of California gave the matter so much 
the air of authority, that various authors accepted those views as to the 
Cretaceous age of the T^jon Gronp, and for several years after Conrad's 
death it was not seriously called in question. 

Professor Dana, however, has practically called those views in.ques- 
tion, suggesting that the T^jon Group is of Eocene age, and probably 
equivalent with the Laramie Group.'^ 

*8ee Pacific Railroad Reports, Vol. V, pp. 317-329. 

*See Amer. Jour. Sci., (2), XLIV, pp. 376-377; Amer. Jonr. Concb., I, pp. 362-365; 
Ily pp. 97-100 ; Smithsonian Check-List of Eocene Fossils. 
* See especially Proc. California Acad. Sci., Ill, p. 301. 
'See Dana's Manual of Geology (1876), p. 491. 
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In 1882, however, Prof. Angelo HeUprin, having access to the greater 
part of the type specimens of Mr. Gktbb's species of the T^jon Oronp, 
took np the study of the sabject, and reached the conclusion that this 
gronp, as it was recognized by the California narvey, is of Eocene Ter- 
tiary and not of Cretaceous age, and published his views in the Pro- 
ceedings of the Academy of Katural Sciences of Phi1a<lelphia." 

This is the most eloborate and important paper that has been written 
upon the subject, and, as it accords mainly with the conclusions which 
I have reached, the reader is referred to it for many details which it is 
impracticable to present in this article. In that publication Professor 
Heilprin groups together all the species which have been referred to 
the T^jon Group by Mr. Gabb, and shows that, although fragments of 
Ammonites have been found among them, being such as are usnolly 
referred to the Cretaceous, much the larger part of the species are such 
as are commonly regarded as distinctively tertiary. 

A few months after the publication of Professor Heilprin's pa|)er, Prof. 
Jules Marcou published in the Bulletin of tbe Geological Society of 
France, an article on the geology of California, as the results of his 
I>er8onal studies in that State several years ago. In this article Pro- 
fessor Marcou also contends for the Tertiary age of the T^jon Group.* 

The fossils published by Mr. Gabb in the two volumes of the Paleon- 
tology of California as characterizing the T6jon Group comprise a large' 
number of molluscan species. A small part of those species are so sug- 
gestive of a Cretaceous fauna, according to the hitherto accepted stand- 
ards, that no paleontologist, viewing them separately, would hesitate 
to pronounce the stntta from which they came as of Cretaceous age. 
Others of these fossils belong to genera which have so wide a range-in 
time, that they are not relied upon by paleontologists as definite indices 
of geological periods. £ut the greater part of these published T^jon 
species belong to genera which paleontologists are generally agreed 
upon as indicating the Tertiary age of the strata which bear them, as 
has been shown by Professor Heilprin. 

Since in all other parts of the earth where the Mesozoic and Cenozoic 
strata have been fully studied tbe boundary, both faunal and strati- 
graphical, between the Upper Cretaceous and Lower Tertiary has been 
found to be well defined, many persons, apparently regarding that con- 
dition as the natural or normal one, have believed that the commingling 
of the Tertiary and Cretaceous types which was shown by Gabb's pub- 
licatiAis really did not originally exist in nature, but that it was due to 
some accidental or adventitious causes.'® While the commingling of 
Cretaceous with Tertiary types in the same strata probably does not 

*8ee Proo. Acad. Nat. Sci. Philad. for 1882, pp. 195-214. This paper is also repro- 
duced in Professor Heilprin's Contributions to the Tertiary Geology and Paleon- 
tology of the United States, 4^, Philadelphia, 1884. 

•See BaUetin de la Soci^t^ G^ologiqne de France, (3), t. XI, 1883, pp. 407-435. 

*^8ee Conrad's remarks, Am. Jour. Conch., II, pp. 98 ei teq. 
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exist to as extreme a degree as seems to be indicated in some of Mr. 
Oabb's earlier writings, I am satisfied that such a commiDgliDg does 
exist to a large extent, as before indicated, and that an alternate com- 
mingling of species exists throughout the whole of the Ghioo-T^jon 
series. That the upper part of this series is almost purely of Eocene 
character, and that the lower part is as distinctly Cretaceous, is, 1 think, 
undeniable. Still, I am satisfied that no definable horizon exists in 
that series which will separate all the Cretaceous from the Teriary, and 
that no lines can be drawn which will separate a median portion of the 
series, in which all the commingling of types takes place. 

In all the publications of the Califernia survey the fact is made ap- 
parent that no distinct line of demarkation, either paleontological or 
stratigraphical, has been recognized in separating the T^jon from the 
Chico Group; and yet Mr. Gabb constantly refused to admit that 
the California strata in question might really constitute a continnoos 
series, embracing both Cretaceous and Tertiary strata.^^ Indeed, at 
that time such wiews would probably have found little favor among 
paleontologists if he had entertained and published them. He seems 
to have considered it necessary that any unbroken series of strata, how- 
ever great, should be referred to one and the same period ; and in this 
instance he chose the Cretaceous: while Professor Marcou seems to have 
chosen the Tertiary, and with quite as much if not more reason. 

The results of my field work in California, including an examination 
of the localities from which Mr. Gabb obtained many of his type speci- 
mens of both T^jou and Chico species, have convinced me of the general 
accuracy of his statements as to the horizons from which his fossils came 
when he collected them himself. They have also confirmed my opinion 
that the unbroken series of strata which comprise the Chico and T^jon 
Groups of the California geologists repesent together the closing epoch 
of the Cretaceous period and the opening or Eocene epoch of the Ter- 
tiary. 

Thcmost satisfactory illustration of the intimate stratigraphical con- 
nection between the Chico and Tdjon Groups which I have examined 
occurs near New Idria, Fresno County, California, where an extensive 
series of strata embrslciug these two groups is fully exposed. My at- 
tention was called to this series by Dr. Becker, who had studied it as a 
part of the geology of the New Idria district, which he has investigated 
in connection with his work on the quicksilver deposits of the Pacific 
coast. The strata in question had also been studied by members of the 
State geological survey of California, and they embrace one or more of 
the localities from which Mr. Gabb obtained the types of some of Ms 
T^jon species of fossils. This series of strata is there well exposed, be- 
ing comparatively free from soil or dSbris; is composed mainly of sand- 
stones and sandy shales, and lies on the northern slope of the range of 

'^ See espeoially Proo. Cal. Aoad. Nat ScL, III, pp. 302. 
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hills, the central mass of which is composed of the metamorphic strata 
which bear the quicksilver deposits of the New Idria mines. They dip 
to the northward, the angle of dip being high near their contact with 
the metamorphic series, upon which they rest unconformably, as shown 
by Dr. Becker ; bat the dip materially diminishes to the northward. 
From its contact with the metamojrphic rocks the series in question ex- 
tends northward a distance of about four miles, where it is apparently 
terminated by a fault, so that its connection with the Eocene is not there 
shown. From the contact with the metamorphic rocks before mentioned 
the thickness of this whole series of strata is estimated by Dr. Becker 
to be about 10,000 feet, and in m^ opinion it is no less. 

Dr. Becker, with his assistants, carefully searched this whole series of 
strata for the purpose of collecting its fossils, and also to ascertain the 
conditions of its stratification. Upon the latter subject he reached the 
opinion that this whole assemblage of strata, nearly two miles in thick- 
ness, forms one continuous series from top to bottom, and that the sedimen- 
tation which resulted in the production of these strata was uninterrupted 
fh>m the beginning to the end of the time in which it occurred. After a 
somewhat careful personal study of this series upon the ground, I have 
accept/cd Dr. Becker's conclusions as to the points just mentioned. 

Although this New Idria series is understood to be practically an 
unbroken one, there is near its middle a recognizable change in the 
aspect of the strata, so that in appearance, and to some extent in the 
character of the stratification, the upper half differs from the lower half. 
It is upon this indistinctly definable horizon that Dr. Becker divided 
the series into two groups, for the purpose of arranging the results of 
his studies of them. So far as can be determined, this indistinct line 
accords with the necessarily artificial division that has been made of the 
series into the Ghico and Tdjoii Groups, since the series is recognized 
86 containing only these two groups, and the line of demarkation be- 
tween them, as before shown, cannot be expected to be distinct. Fossils 
were collected by Dr. Becker's party from various horizons in the series, 
but tn a large portion of it none were found, and those from the lower 
or Ghico portion are very few. These latter are, however, of character- 
istic types, being species of Ammonites^ BaculiteSy Trigoniay InoceramuSj 
and Jyimo. It is proper to mention that in this New Idria series of 
strata no commingling of the Cretaceous species above referred to with 
Tertiary types of fossils was actually observed ; but very few fossils 
of any kind were obtained at this locality, especially in the lower por- 
tion of the series. Still, the intimate relation of the Ghico and T^jon 
Groups for this particular locality is well shown by the unbroken char- 
acter of the series of strata which here constitutes both groups. 

The exact equivalents of this New Idria series of rocks are found in 
the vicinity of Martinez, in Contra Costa County, as well as in other 
parts of California. At Martinez and other localities a commingling 
of Cretaceous and Tertiary types such as has already been referred 
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to actaally occurs ; but in all cases the Tertiary types appear to increase 
towards the npper part of the series and the Cretaceous types towards 
the lower part. In other words, it appears that the base of the series 
has a preponderance of Cretaceous types, and the upper part a pre- 
ponderance of Tertiary. 

Besides the evidence afforded by the character of the contained fossils, 
the opinion that the T^jon Group really represents the Eocene is further 
supported in that no other representative of the strata of that epoch 
has been discovered in California, and also the Miocene strata every- 
where rest conformably upon the T^jon. This conformity was recog- 
nized by the members of the State geological survey of California, and 
it has also been observed in numerous cases by Dr. Becker, as well as 
in several instances by myself. One of these observations I made at 
the well-known T^jon and Miocene locality at the head of Vallecitos 
Oaiion, near the place mentioned as ^^ Griswold's" in the California re- 
ports, which is only a few miles from the New Idria locality, just re- 
ferred to.^' I there satisfactorily traced the strata from one formation to 
the other, and found that not only is the conformity of the two forma- 
tions with each other clearly apparent, but no break in the order of 
stratification could be detected between those layers which contain 
characteristic T^jou fossils, on the one hand, and those which contain 
equally characteristic Miocene fossils, on the other. In short, I found 
no room there for the existence of any Eocene strata other than the 
T^jon. 

The character of the fossils which are found in the formation thus rest- 
ing conformably upon the T^jon is such that their Miocene age has never 
be^n called in question ; and the California geologists who regarded 
the Tdjon Oronp as of Cretaceous age necessarily considered the Eocene 
as unrepresented among the strata of that State. It is proper to say, 
however, that the difference between the T^jon and Miocene faunas, as 
regards specific forms, is well marked ; so that, so far as I am aware, 
none of the species of the formet pass up into the latter formation. A 
few of the species of each of the two formations are closely related, 
and it is possible that some of them may yet prove to be specifically 
identical. While the Miocene strata of California seem to bave been 
deposited upon the T^jon Oroup by continuous sedimentation, these two 
groups are not so intimately related by their fossils as the ^^jon and the 
Ohieo Groups are. Still, I am of the opinion that this faunal difference 
between the T6jon and the Miocene strata does not necessarily repre- 
sent a material difference of time. 

From the foregoing remarks it will be seen that there exists in Gali- 
fomia a comformable and intimately connected series of strata repre- 
senting the latest epoch of the Cretaceous period to the Miocene, incln- 
fiive. The base of this series, as shown by Dr. Becker, rests unconform- 



1^ ■ ■ I.I I mm 



^See Geology of California, VoL I, p. 56. 
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ably upon all the other rocks with which it has been found in contact, 
and, as shown by the California reports, the Pliocene rests nnconforma- 
bly upon the Miocene. 

No proposition seems tome to be more reasonable than that wherever 
any portion of the great geological series is complete the line of demark- 
ation between any of the formations must necessarily be indistinct^ 
and that there will be a commingling of the species which any two ad- 
jacent formations contain, upon both sides of any such line as may be 
recognized. Such a condition of things would as naturally exist in 
strata representing the confines of any two geological ages as in the 
case of those of any two formations of any one age. Therefore, if the 
geological series is complete, there ought to be no greater break be- 
tween the Cretaceous and the Tertiary than between any of the sub- 
divisions of either. It is nevertheless true that geologists have always 
recognized a marked paleontological break between the uppermost Cre- 
taceous and the lowermost Tertiary strata, both in this country and in 
Europe. Sir Charles Lyell remarks as follows upon this subject, and 
the statements of other European authors are to the same effect: 

The marked discordance in the foaeils of the Tertiary as compared with the Cre- 
taceous formations has long induced many geologists to saspect that an indefinite 
series of ages elapsed between the respective periods of their origin. Measured, in- 
deed, by snch a standard, that is to say, by the amount; of change in the fauna and 
flora of the earth effected in the interval, the time between the Cretaceous and the 
Eocene may have been as great as that between the Eocene and Recent periods.^* 

The Maestricht, Faxoe, and other beds of Europe, although they are 
intermediate between the Upiier Chalk and the Eocene, are too closely 
related by specific and generic forms to the Chalk to be regarded as 
separate from the Cretaceous proper. Their faunal relations to the 
Eocene are also too remote to allow of their being regarded as in any 
proper sense transitional between the Cretaceous and Tertiary. In New 
Zealand, however, it appears probable from the reports of the Oovem- 
ment geological surveys that there is in those great islands a true transi- 
tion from the Cretaceous to the Tertiary, similar to that which occurs 
in California. 

I think the evidence which has been adduced to show the Eocene age 
of the upper or Tdjou portion of the ChicoT6jou series is as conclusive 
as any evidence of that *kind can be. Now, if we apply the paleonto- 
logical standard for indicating the age of formations which is generally 
accepted by geologists, we necessarily refer the fossils of the lower or 
Chico portion of that series to the Cretaceous. The question then 
arises: to what portion of the full Cretaceous series, as it is rc^cognized 
in other parts of the world, is the Chico Group really equivalent t 
If the T^jon Group is Eocene, it is plain that the Chico Group repre- 
sents the upper portion of the Cretaceous, and it necessarily represents 
the very latest portion of that period. My opinion, therefore, is that it 

"See LyeU's Elements of Geology (1871), p. 88}, 
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is, at least in part, later than any formation that has yet been referred 
to the Cretaceous period either in Enrope or in America, and that it 
practically fills the gap which is indicated by the passages just quoted 
from Sir Charles Lyell. 

An examination of the figures and descriptions of the 'fossils which 
Mr. Oabb has referred to the Chico Group, together with his catalogue 
of California Cretaceous fossils,*^ shows that while a considerable por- 
tion of them, especially the Cephalopoda, are of types which indicate 
their Cretaceous age, a large part of them are of genera which are known 
to range firom the early Cretaceous to the present time, and some of 
them belong to genera which are generally accepted as not older than 
the Tertiary. Therefore there appears to be no inherent reason why 
this Chico fauna, even as it is represented by Mr. Gabb, should not be 
regarded as belonging to the very latest portion of the Cretaceous period. 
The fact that one or two Mesozoic types of Cephaloi)ods pass up from 
these strata into those of the T6jon portion does not necessarily prove 
that the latter ought also to be referred to the Cretaceous, any more 
than the discovery of Ammonites in the Carboniferous of Texas and 
of India ought to require us to refer those strata to the Mesozoic. 

The intimate relation to each other of all the strata of this great Chico- 
T^jon series, as shown by the mixed character of its fossils, is very per- 
plexing when that condition is considered in relation to the established 
taxonomy of the formations, but it is very suggestive when considered 
with reference to a search after the complete sequence of geological 
events. Indeed, such a condition of things is what one ought to expect 
to find somewhere; but hitherto no other part of the world, if we except 
New Zealand, has furnished so striking an example of the intimate con- 
nection of two geological ages, or at least of such connection between the 
Cretaceous and the Tertiary. 

# 

^^See Vols. I and II, Paleontology of California, for tbe figures and descriptions, and 
Vol. Uy pp. 209-254| for tbe catalogne. 
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THE SHASTA GROUP. 

When Vol. I of the Paleontology of California was pablisbed it 
appears that the Shasta Group was not recognized by the Galifoniia 
geologists. At that time Mr. Gabb divided the rocks which he referred 
to the Gretaceons period into two portions, which he designated re- 
spectively as Divisions A and B.^^ His line of separation between these 
two divisions was the same as that by which he afterwards separated 
his T^jon and Chico gronps." A part of the fossils which he published 
in Vol. I as belonging to Division A belong really to the Shasta 
Group/' the separate existence of which he had not then reoognixed. 
He did not then recognize these Shasta fossils as belonging to the age 
of the Gault or Neocomian, as he afterwards did, but he regarded all 
the Cretaceous strat'> of California as representing the epoch of the* 
White Chalk of Europe.^^ For this classification of the California strata, 
however, he afterward, in Vol. II, substituted that which has already 
been quoted on page 9. In Vol. II the EiH&ta Group is proposed 
to receive all the Cretaceous strata of that region which are older 
than the Chicb Group. The entire separateness of the Shasta from 
the Chico Group is there recognized, and it is also stated to un- 
brace strata of diffei'eut epochs, probably representing a range from 
the Gault to the Neocomian.^^ This latter view I am disposed to adopt 
as at least approximately correct, although it is not yet clear what di- 
vision ought to be made of the strata that have been grouped together 
under the name of the Shasta Group ; but this question will be dis- 
cussed further on. 

Whatever may be the relation of the Shasta strata among themselves, 
it seems to be certain that there is an abrupt hiatus, both stratierraphical 
and paleoDtological, between the Shasta Group and 4he Chico Group, 
the former representing a portion of the period not later than its mid- 
dle, and the latter its closing portion. It has been generally under- 
stood that the marine Cretaceous deposits of the United States, as they 
are found in the Atlantic, Gulf border, and interior regions, represent 
only the Upper Cretaceous of Europe, none of them probably being 
any older tbau, if so old, as the Gault. If, then, the Chico is, as it is 

^'^See Paleontology of California, I, p. xix, and Proceedings of the California Aoad- 
eniy of Sciences, III, p. 302. 
i^See Paleontology of California, II, p. ziii. 

"See especially the Cephalopoda, published in Vol. I, Paleontology of Ciflifomif^. 
^^See Paleontology of California, I, p. six. 
^<^See Paleontology of Califomia, 11, p. xiy. 
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here assumed to be, later than any other Gretaceons strata known in\ 
Europe or America, and the Shasta Group is as old as the Gault, or | % 
older, we have a hiatus in the California Cretaceous series which is ) * 
equal to all the time in which all tbe other known Cretaceous deposits } ' 
of the United States were formed. Although such a conclusion seemsy 
to be a plausible one from our present methods of reasoning, we unfor- 
tunately lack the proof of it which specific identity of Cretaceous fossils 
on each side of the Sierras would afford. It is proper in this connection 
also to state that Mr. Gabb reports three species of Cephalopoda as 
common to the Shasta and Chico Groups, namely, Ammanites batesiiy 
A. remi ndiij and Ancyloceras lineatms,^ If Mr. Gabb is correct in these 
references, it seems to point to a closer faunal relation between the Chico 
Group and tbe Horsetown beds of the Shasta Group than would be ex- 
pected were the hiatus between them as great as is implied by referring 
the latter to the age of the Gault and the former to the latest portion 
of the Cretaceous period. 

The strata which received the name of Shasta Group from the geolo- 
gists of the State survey of California occupy only a few isolated areas 
m that State. Each of these areas is not only of small geographical ex- 
tent, but the strata in every case are either unconformable with the 
rocks both above and below them, or they are so much disturbed that 
their stratigraphical relations are obscure. The strata of these sepa- 
rated portions of the Shasta Group of California, judged by the fossils 
which they respectively contain, seem to represent at least two epochs 
of the Cretaceous period. Our knowledge of those strata and their fos- 
sils is not quite sufBcient to warrant the formal separation of the former 
into two distinct groups, in the sense in which that name for assem- 
blages of strata is generally used, but two divisions are plainly indi- 
cated by the fossils. I shall therefore, for the present, retain the name 
of Shasta Group in the general sense in which it was used by the ge- 
ologists of the California survey ; but for the purpose of convenience 
in the references which I must necessarily make in this article to those 
two divisions, I shall des ignate them as th e Horsetown beds and^the 
Knoxville beds, Trespectively . These names aro 'suggested 5y the two 
localities from which the best collections of the fossils of each of these 
two divisions were obtained. 

Tbe Horsetown beds have been found mainly in Shasta County and 
the Knoxville beds mainly in Lake, Colusa, Contra Costa, and Santa 
Olara Counties. These two divisions have never been found in contact, 
Dor under such circumstances as will enable us to say with certainty 
which of the two is the older. From paleontological considerations, 
however, the character of which will appear further on, I am inclined 
to regard the Knoxville beds as older than the Horsetown beds. The 

«»Mr. H. W. ToTDer has also foiiDd an Ammonite in the Chico Group near Monte 
Diablo which, if not specifically identical with AmmoniteB eloliozkanus Gabb, is very 
closely related to it The original specimens came from the 3ha0ta Group, 
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latter, althoagh they have a mach less known geographical extent, cer- 
tainly contain a more abundant and varied fauna than the former. It 
is especially rich in the Cephalopoda, as will appear by referring to the 
California reports, where the fossils of this division are recorded as com- 
ing from "the Korth Fork of Cottonwood Creek, Horsetown," etc 
Furthermore, many of the types which the fauna of the Horsetown 
beds embraces are such as paleontologists use with more confidence as 
indices of the geological position of the strata containing them than 
they do any of those which are embraced by the fauna of the Knoxville 
beds, as it is at present known. 

The following species which were published by Mr. Gabb in the Cal- 
ifornia reports are regarded as having come from the Knoxville beds 
at different localities in California. The interrogation marks after three 
of them express a doubt as to the correctness of my identification of 
the species, Mr. Gabb having obtained his type specimens of those spe- 
cies from the Horsetown beds. All the other species which are men- 
tioned in Gabb's Catalogue of California Cretaceous Fossils as belong- 
ing to the Shasta Group^^ I regard as having come from the Horsetown 
beds. 
The following is a list of the species just referred to: 

Ammonites ram^osus Meek t 
' Belemnites impressus Gabb. 

Falcetractus crassus G. 

Cordiera mitrceformis G. 

Atresius liraius G. 

Potamides diadema G. t 

Ringinella polita G. 

Idocium punctatum G. 

Modiola major G. 
^ Aucellapioehii G. 
N Rhynchonella whitneyi G. 

Lima shastaensis G. T 

Pecten complexicostu G. 
In addition to these published species the following have been gener- 
ically recognized among the collections which have been obtained by Dr. 
Becker and his party from Knoxville, Cal., alt the specimens of which 
are, however, too imperfect for specific determination : Ammonites f , Mar- 
garita? y Dentaliumy Arca^ Nuculana^ and Rhynchonella. Besides all the«e 
forms there are fragments among the collections from Knoxville which 
indicate two or three other molluscan species which are not considered 
in my enumeration of the fauna of the Knoxville beds. The specimens 
which have been referred to as probably representing a species of Am- 
monites are only a few small fragments, which show only portions of 
the sides and periphery of the shell. These seem to indicate a si>ecies 



" See Paleontology of California, II, pp. 209^254. 
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' related to the A. newherryioi Meek. The Dentalium is probably unde- 
scribed, as are also probably the Area and Nuculana. The Rhyneho- 
nella is apparently an undescribed species, and seems to be identical with 
one which 1 discovered last summer at Horsetown.^ The collection 
contains only on^ fragment of the shell which I have referred with 
donbt to Margarita. 

The specimens of Ammonites which in the foregoing list4>f published 
species I have referred with doubt to A. ramosus Meek consist only of 
the small inner whorls, none of them reaching an inch in diameter. 
The form, surThce markings, and septa of the shell, so far as these char- 
acters are shown by the Knoxville specimens, seem, however, to agree 
well with those of the species as it is described by both Meek and Oabb. 
Meek's type specimens came from. Vancouver's Island, but Oabb iden- 
tified the species in the Hoi*setown beds of the Shasta Group of Califor- 
nia.** The specimens of the shell which in the foregoing list I refer 
with doubt to the Potamides diadema of Oabb are imbedded in compact 
rock, so that all its characters cannot be observed. They are probably 
identical with Gabb's species, which he describes as coming from the 
Horsetown beds. Finally, so far as the specific identity of any Belem- 
nites can be determined, there seems to be comparatively little reason 
to doubt that the specimens which have been found in the Horsetown 
and Knoxville beds, respectively, and referred to Belemniies impressus 
Gabb, are specifically identical. 

Comparing these nineteen species of fossils now known to exist in the 
Knoxville beds with those from the Horsetown beds, or, in other words, 
with all the other species which Gabb refers to the Shasta Group,** we 
find that all except six of them are certainly dift'erent from any of the 
latter. One of these six, the Ammonites v-ewherryiffj offers only a mere 
suggestion of identity j four are probably, but not certainly, identical, 
namely Ammonites ramosusfj Potamides diademafy Lima shastaensisf^ 

and Rhynclionella f ; and the specific identity of one, Belemnites 

impressuSy has b^en regarded as certain. Detracting somewhat from the 
certainty of the last identification we have the fact that the Belemnitesy 
as a rule, do not present salient or even satisfactory features by which ' 
to determine specific differences. 

The dissimilaiity between the faunas of the Knoxville and the Horse- 
•town beds is still further shown by the abundance of Aucella in the 
former and its absence from the latter, so far as is now known, and 
also by the greater abundance of the species which characterize the 
Horsetown beds and their general dissimilarity when compared with 
the few species which are yet known from the Knoxville beds. It is 

''This form is closely like the B, oxyopUcaia of Fischer, from the Jurassic of Mos- 
cow. 

« See BuU. U. 8. Geol. Sur. Terr. (1876), II, p. 371, PI. V, Fig. 1 ; also Paleont. Call- 
fomia, I, p. 65, PI. XI, Fig. 13, and PL XII, Fig. 126. 

*«See OabVs Catalogue Paleont. California, II, pp. 209-254. 
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possible that the AuceUa may yet be foand to range up into the Home- 
town beds, bat even in that case there woald remain a material difference 
between the faanas of the two divisions. 

These differences between the faonas of the Enoxville an<Lthe Horse- 
town beds seem to indicate plainly that they were not synchronously 
deposited; but, as before remarked, there is yet no known stratigraph- 
ical proof as to which is the older. The character of the fossils of tiie 
respective faunas seems to indicate, however, that the Enoxville are 
older than the Horsetown beds ; ihat is, the fossils of the Horsetown 
beds appear to represent the Oault, while the presence of AuceUa in the 
Knoxville beds only would seem to indicate an age for them at least as 
early as the Neocomian. Furthermore, the affinities of some of the fos- 
sils of the Horsetown beds are with those of certain of the later Cre- 
taceous formations to the eastward of the Sierras, while no such affini- 
ties have been recognized for any of the Enoxville fauna, with the 
doubtful exception of Ammonites complexus. In this article I shall take 
the foregoing view of the relative ages of the Enoxville and the Horse- 
town beds, although it implies the probable existence of a considerable 
hiatus between the two divisions of what is now known as the Shasta 
Group. 



RELATIONS OF THE SHASTA GROUP TO STRATA BEYOND THE 

LIMITS OF CALIFORNIA. 

Certain of the species which characterize the strata of the Shasta 
Group in California have been recognized among the collections which 
have been reported by different persons from Washington Territory 
and British Columbia, and also from Alaska and the Aleutian Islands. 
But none of the species of that group have been found in an^r North 
American strata to the eastward of the Pacific coast region, if we ex- 
cept Greenland. While it is probable that the Horsetown beds of Cali- 
. fomia are represented in those northern localities which have been re- 
ferred to, it is more especially the equivalent of the fauna of the Enox- 
ville beds that has been recognized as existing there. This recognition 
is mainly through the identification, among the collections which have 
been made there, of the AuceUa^ which so strongly characterizes the 
Enoxville division of the Shasta Group in California. Specimens which 
I regard as specifically identical with the form which Mr. Gabb pub- 
lished under the name of AuceUa piochii have been presented to the 
Survey by Prof. Thomas Condon, which he collected at Puget Sound, 
Washington Territory. Mr. Whiteaves refers to the same species as 
being abundant at T^atlayoco Lake and other places in British Colum- 
bia;^ and Professor Eichwald, Dr. P. Fischer, and myself have pub- 

*BSee Trans. Roy. Soo. Canada, See. lY, 1882, p. 84. 
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lished fonns which I regard as specifically identical with it, from differ- 
ent parts of Alaska. 

AmoBg the fossils collected in Alaska by Peter Doroschin, Eich- 
wald*^ recoDgized all the forms of AuceUa which Keyserling had pub- 
lished as occarring in Bnssia, namely, A. concentrica FisCher, A. mosquen- 
ria You Bnch, A. pdUaH and A. crassicollia Keyserling. The last two he 
regards as only varieties of A, concentrica. Dr. Fischer^ recognized 
only one species among Pinart^s Alaskan collections, which he referred 
to A. concentrica. 

I also recognized only one species among the collections bronght from 
Alaska by Mr. Dall. . Althoagh the specimens were numerous, and pre- 
sented quite a wide variation of form, I regarded them all as represent- 
ing a variety of AuceUa concentrica,^^ Mr. Whiteaves (loc. cit.) recog- 
nized only one species among the collections from British Columbia, and 
this he referred to Aucella mosquensis. 

In the Enoxville beds of California there are two recognizable vari- 
eties oi AuceUaj which, while they are connected together more or l^ss 
closely by intermediate forms, are still quite different in extreme ex- 
amples. It is usually the case also that one variety will be found to 
prevail in certain layers of rock sometimes almost exclusively, and the 
other variety in other layers. 

Adult examples of one of these varieties are large, robust, and often 
inflated. These I regard as approaching the typical forms of A. concen- 
trica more nearly than the others. Those of the other variety are 
smaller, more slender, and have a more delicate appearance. They seem 
to correspond more nearly with the type of A, mosquensis. Still, after 
examining numerous examples from Alaska, British America, Wash- 
ington Territory, and California, besides some Bussian examples of A. 
concentrica and A, mosquensiSj which I regard as being authentic, in the 
collections of the Smithsonian Institution, I am of the opinion that all 
of them represent only one species. Indeed, I am disposed to regard 
as at most only varieties of one species all the forms which have, from 
various authors, received the names Aucella concentrica^ A, mosquenaiSj 
A. paUaHj A, crasaicollis^ A. piochii, and A. erringtonii. However, it 
win be convenient, when discussing the Au^llorbesaiug strata of Cali- 
fomia, to retain the names A, concentrica and A, mosquensis to indicate 
the more robust and the more elongate forms, respectively, as they occur 
in that State- 
Before dismissing this reference to Aticella^ it is well to note how wide 
is the geographical distribution of the variable form which has been 
known under the various names which have just been mentioned. This 

"See Oeognoflt. Palaeont. Bemerknogen neber ^ie Halbinsel Mangisohlak und die 
AleatiMtaen loaohi, pp. 185-187, PI. XVII. 
"See Voyage k la ol^te Nord-Oaest de rAm^rique, par M. Alph.-L. Pinart, pp. 3d- 

PLA. 
"See BnlL U. S. GeoL Sorvey, No. 4 (1884), pp. 13, 14, PI. VI. 
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shell was first known in varioas parts of Bassia, and sabseqoently upon 
the eastern coast of the Caspian iSea,^ in Northern Siberia,"^ on the isl- 
and of Spitzbergen^^' on Knhn Island (off the east coast of Greenland),* 
and in Alaska, British Columbia, Washington Territory', and sonthwaird 
to Central California, as mentioned on previous pages of this article. 
Although it is so variable in certain of its features, so constant is it in 
its general characteristics and its separateness from related forms that 
paleontologists are now generally agreed upon its identity in all the 
widely separated localities which have just been indicated. 



RELATION OF THE FAUNA OF THE AURIFEROUS SLATES TO THAT 

OF THE SHASTA GROUP. 

• 

The opinion that Aucella erringtonii and A. piochii Oabb are specific- 
ally identical has been formed after having had better advantages for 
investigating the subject than seem to have been enjoyed by any other 
X>erson who has written upon the paleontology of Califoruia. I have not 
only examined the original types of those two forms, but hundreds of 
other si>ecimens of A. piochii from Gabb's original and from other local- 
ities. Furthermore, I made a personal visit to the locality on the Mar- 
iposa Estate where the type specimens of A. erringtonii were obtained, 
and collected better specimens of it from the Auriferous Slates there and 
in the immediate neighborhood than have before been known. Dr. 
Becker and his assistant, Mr. H. W. Turner, accompanied me on that 
visit, when we also obtained from the same slates some fragments of an 
Ammonite, some impressions of a shell apparently the Pholadomyaorbi" 
cuiata of Gabb, others that represent a species of the Pectinidas, perhaps 
the AmuHum aurium of Meek, and still others which ai*e undeterminable. 
Add to these the Beletnnites pacifictu of Gabb, and we have a fauna of 
the Auriferous Slates of the Marii)osa Estate which amounts to at least 
five species of mollusks. It is true that only the AvceUa has been satis- 
fEictorily identified as occurring in both the Auriferous Slates^ and 



^See Eichwald's GeognoRt. Palaeont. Bemerkangen aeber die Halbinsel Mangi- 
Bchlak und die Aleatischen iDseIn, p. 53. 

^ See Middendorf s Reise in den anssersten Norden and Osten Siberiens, enter Band, 
Theill, p. 255. 

3^ See LindstroDjy Om Triaa-ooh Jaraforsteningar fr^ Spetebergen. Kongl. Svenaka 
Vetenskaps-Akad. Handlingar, VI, No. 6, p. 14. 

^ See F. Tonla, Die zweite deutsche Nordpolarfahrt, II, pp. 497-505 ; also Quart. 
Jour. Geol. Soc. Lond., XXXIV (1876), p. 560. 

^Some of the specimens found in the Auriferons Slates of the Mariposa Estate show 
more or less distinct radiating lines, and I have observed the same peculiarity among 
examples from the Knoxville beds^ as weU as among Hnssian and Alaskan examples. 
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the Shaata Oroap, but there is nothing in the character of the other 
foar species of moUasks from the Auriferous Slates which would render 
inconsistent their reference to the age of the Knoxville beds. 

The specimens of Aticella and other Auriferous Slate species just re- 
ferred to were obtained by us from the rocks in situ; those found near 
the left bank of the Merced Biver. Mariposa County, California, about 
a quarter of a mile below Benton's Mills, being especially satisfactory, 
as regards both their position in the strata and their condition of pres- 
ervation. Here the strata have an almpst vertical dip, and they are 
plainly an integral part of the great Auriferous Slate series. A part 
of our collection, as well as some of those which were collected by King, 
Oabb,' and Miss Errington, were obtained from within a few feet of the 
fiEunous great quartz vein which traverses the Mariposa Estate, and 
which is inclosed in the Auriferous Slates. 

I did not obtain any specimens of Belemnites from the Auriferous 
Slates, as Oabb and King did, and I have not seen a specimen of Oabb's 
B, paciflcuSj which he obtained from that formation, but which he did 
not figure. Judging from his description of that species, it seems prob- 
able that it is identical with my subsequently published B. macritatis. 
This last-named form was obtained by Mr. Dall in Alaska, where he 
found it associated with an abundance of specimens of the shell which 
I described in the same publication as Aucella concentrica var.,^ and 
which, as already stated, I regard as identical with both A. erringtonii 
and A, piochii. 

The great Auriferous Slate series is an immensely thick one, and in 
Northern California it is known to include strata of Carboniferous age. 
In Shasta County there is a considerable thickness of strata, apparently 
a portion of that great series which holds a position below the Carbon- 
iferious and between it and the Granite. These strata perhaps repre- 
sent a still older Paleozoic formation ; but no fossils have been found in 
them. The strata of the great Auriferous Slate series which are actually 
or presumably referable to Paleozoic age it is not my present purpose 
to discuss. Indeed, my only object with reference to that great series 
is to show that at least a part of it is of the same age as the Knoxville 
beds of the Shasta Group This I think is proved by the identity of 
Aucella piochii and A. erringtaniij supported by the general character of 
the other fossils which the strata of both respectively bear. It is true 
that this is the only specific identification that has been made ; but the 
species in question is one of extraordinarily wide geographical range, 
and it is also one of great constancy and exclusiveness as regards its 
distinguishing characteristics. 



»*See BuU. U. 8. Geol. Survey, No. 4, p. 13, PL VI. 
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THE GEOLOGICAL AGE OF THE AUCELLA-BEARING STRATA OF CAU- 

FORNIA. 

Now, as to the true geological age of the AuceHarhesaing strata of 
California I think the evidence is not wholly satisfactory. A discossion 
of this question for the Pacific coast region really involves a discussion of 
the whole question of the age of the AieceZ/o-bearing rocks of Europe, 
Asia, and North America. In view of my want of personal knowledge 
of the geology of those distant regions, and the great difference of opin- 
ion on this subject among geologists of repute, I am not prepared to 
discuss the question fully. Still, I am inclined to hold the view which 
I expressed in Bulletin No. 4, that these California strata and their Alas- 
kan and British Columbian equivalents occupy a position upon the con- 
fines of both the Jurassic and the Neocomian. I suspect that the differ- 
ence of opinion which has been referred to has arisen largely from the 
equivocal character of the faunas which are associated with Aucella in 
those districts concerning the strata of which the disputes have arisen. 
Eichwald and Whiteaves both contend that all the strata which bear 
Aucella concentrica and A. mosquensis are certainly of Neocomian age. 
On the other hand, Keyserling, Trautschold, D^Orbigny, and others as 
confidently assert that they are of Jurassic age ; and paleontologists 
generally have hitherto regarded Atmella as an exclusively Jurassic 
genus. Even so late as the past year, Mr. A. Pavlow, a member of the 
official geological commission of Russia, has, in a brief publication, 
placed the well-known strata which in eastern and other parts of 
Bussia bear Aucella concentrica in the Jurassic series, as the earlier 
Bnssian geologists also did.^ 
'I do not think that any satisfactory evidence has yet been presented 
to show that the genus Aucella is exclusively confined to either the Jn- 
rassic or the Neocomian, and I know of no reiison why we may not ex- 
pect to find species of it in both Jurassic and Neocomian strata. There 
seems to me also to be no good reason why Aucella concentrica and A. 
mosquenris may not exist in Jurassic strata in Europe and Asia and in 
the Neocomian in America. It is well known that a considerable num- 
ber of the Lower Carboniferous species of Euro]>e are found in the Upper 
Carboniferous of North America; and also that certain species pass 
from the Devonian to the Carboniferous. 

If it shall finally appear that those strata of the Auriferous Slate se- 
ries which bear Aucella erringtoniij together with their equivalents, must 
be referred to the Neocomian rather than to the Jurassic, the existence 
of Jurassic strata in California is exceedingly doubtful, because alL the 
ott ier strata in that State which have been referred to the Jurassic are 
probably equivalent with these. 

» See Ball. Soo. G^l. de France, t. XII (adr. 3), June, 1884, pp. 686-696. 
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CERTAIN CRETACEOUS STRATA WHICH APPAREN.TLY BELONG BE- 
TWEEN THE SHASTA AND CHICO THE GROUP. 

Dr. Becker has obtained from strata exposed near the sea-shore at 
Wallala, Mendocino Gonnty, California, a Rmall collection of fossils 
which are evidently of Gretaceoos age, but all the species of which are 
apparently new, and different from any of those which have been found 
in either the Ghico, or Shasta the Group. They seem to represent a dif- 
ferent group of strata from any other fauna of which has yet been pub- 
lished ; and as the BudistsB are usually regarded as characteristic of the 
median Gretaceous, this small fauna is supposed to belong to a series 
of strata which intervenes between the Shasta, and Ghico the Group. 
Dr. Becker found no contact between the Ghico and those beds, which 
lie unconformably upon metamorphic rocks, probably of the Knoxville 
series. The specimens are all in a bad state of preservation, but the 
following genera have been recognized: Sphcetuiitest^^Ostrea, Inocera- 
mu8y Pecien^ CylichnOy .Turritella, and Solariumr ^"^ 

Only two of these species, the Inoceramus and SpheervliteSj appear to 
be sufficiently characteristic to call for any special remarks. The Ino- 
ceramus is a very large, subelliptical, subdiscoidal form. The speci- 
mens are all much broken, but some of them indicate that the valves 
sometimes reached nearly a foot in diameter. 

It is possible that the form which I have regarded as a species of 
SpluBTuliles belongs to the genus Radiolites^ but so far as its generic 
character can be determined from the crushed and fragmentary speci- 
mens, it appears to belong to the former genus. Upon comparing them 
with some specimens which were sent to the U. S. National Museum by 
Mr. 0. li.Orcutt, from Todos Santos Bay, near San Diego, Galifornia, L 
am quite confident they belong to the same species. The other species 
which' Mr. Orcutt found associated with the San Diego specimens were 
few, bat they are suggestive of certain forms found in the Gosaugebilde 
of Europe. 



REMARKS UPON CERTAIN CALIFORNIA FOSSILS WHICH HAVE BEEN 

IDENTIFIED WITH EASTERN SPECIES. 

Beference has already been made to those species found in Galifor- 
nia rocks which have been either definitely or provisionally identified 
with species already known in Gretaceous strata east of the Sierra Ne- 
vada. The following is a list of them, together with such remarks as 
seem to be called for in this connection : 

Nautilus texanus Shumard. 

Dr. Shnmard's type specimens of this species were from Texas. He 
desoribed it in the transactions of the Saint Louis Academy of Sciencei 
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I, p. 690, bat it was never flgnred by him. Mr. Gabb referred his 
Galifpmia specimens only provisionally to N. texanu$^ and also doabt- 
fhlly to the Shasta Oroap.^ After examining specimens from Shu- 
mard^s original locality which I presume to belong to this species, I 
*think it is not identical with the California form. 

Ammonites peeitvianus Von Bnch." 

Mr. Gabb, with mnch donbt, referred a fragment which he obtained 
{torn the Chico Group of California^ to the above-named species, as it 
has been recognized in Texas and the adjacent region. After an exam- 
ination of Mr. Gabb's specimen, and also several anthentic examples of 
the Texan form, I think Mr. Gabb might have expressed his doubts in 
even stronger terms. 

Ammonites gomplexus Hall & Meek.^ 

This species was originally described from the Cretaceous No. 4 of 
Meek & Hayden, at the Great Bend of the Upper Missouri Bi ver. Meelr 
afterwards recognize a variety of it among some> collections from Van- 
couver's Island, to which he gave the variety name suciaensis.^ Gabb 
found a fragment of an Ammonite in the Chico Group of California 
which he identified with that variety.^^ 

There is much reason to doubt whether the CTpper Missouri form and 
that of Vancouver's Island are specifically identical. Also the identifi- 
cation of the Califomian and Vancouver's Island forms is not quite sat- 
isfactory, although it may be correct. 

Volxjtilithes navabboensis Shumard.^ 

Shnmard's shell was described from Cretaceous strata in Texas which 
are equivalent with the Bipley Group of Mississippi and Alabama. It 
has never been figured, and Mr. Gabb's comparisons were made only 
with Shumard's description.'" He mentions some differences, and it is 
probable that others would appear if good and authentic sx>ecimensfrom 
both the eastern and the western strata could be compared. 

TUEBITELLA SAFFOBDI Gabb.*^ 

From the figures given by Gabb in the two publications here cited, it 
is evident that the eastern and western forms are closely related, and it 
may be that it will not be practicable to say that they are different. 

^See Paleontology of California, I, p. 59, and II, p. 209. 

»7 See Marcoa's Geology of North America, p. 34, PI. V. Fig. 1. 

» See Paleontology of California, I, p. 63. 
' ^ See Memoirs Am. Acad. Arts and Sciences, V (n. s.), p. 394. 

«8ee Proc. Acad. Nat. 8ci. Philad. for 1861, p. 317. 

^1 See Paleontology of California, I, p. 69, and II, p. 133. 

«See Proc. Bost. Soc.Nat. Hist., VIII, p. 192. 

^ See Paleontology of California, I, p. 102, PI. XIX, Fig. 56. 

** See Paleontology of California, I, p. 135, PI. XI, Fig. 93 ; aUo Jour. Acad. Nat. SoU 
Philifcd. (n. B.), IV, p. 392, PI. LXVm,Fig. 12. 
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TURRITELLA SERIATIM-GRANULATA Boemer.^ 

Mr. Oabb, in his Catalogue of the Cretaceoas Fossils of California,^ 
records this species, which was originally described from Texas, as 
among the fossils of the Shasta Group ; but he gives neither descrip- ^^ 
tion noirfigure of the California shell. ^ . /^ 

'' ' t!*urritella uvasana Conrad. 




7,1 



This is one of the most common and characteristic species of the 
T6jon Group of California. In Vol. IV, United States Explorations and 
Surveys West of the One Hundredth Meridian, p. 195, pi. XVIII, figs, 
1, a and by I identified a shell from the Cretaceous of Southern Utah 
with this species. I am now satisfied that this reference was not cor- 
rect, and also that the CTtah shell comes from quite a different horizon. 

NucxJLANA GABBi Courad. 

Gabb originally described and figured this shell from the Cretaceous 
of New Jersey, under -the name of LedAi protexta^'' The specific name 
being a synmiym, Conrad changed it to^o&M, and placed it under N^tum- 
*lana. Gabb referred a shell from his Martinez and T^jon Groups, in 
California, to this species.^^ A comparison of GabVs figures of the two 
forms (loc cit.) will, I think, convince any one that they furnish no 
ground for the opinion that they are specifically identical. 

Grypslba vesioularis Lamarck. 

Of this species Gabb says, in Paleontology of California, Vol. I, p. 
205 : ^'A few small specimens of this species were picked up not in Htu^ 
near San Diego, by Dr. Cooper. It has not been found elsewhere on the 
west coast." 

From the foregoing statements with regard to these fossils, it is' plain 
that the identification which has been made of them is of too doubtful 
a character to base any generalizations upon it as to the equivalency of 
any of the California Cretaceous strata with any strata of that period in 
Central and Eastern North America. Perhaps, with our present limited 
knowledge of the subject, one would not be fully justified in saying posi- 
tively that Mr. G^bb was wrong in all these identifications ) but the proof 
of identity is not satisfactory in the case of any of the species. That 
they are closely similar to the species to which he refers them is true, 
but satisfactory proof of such identity as would indicate the contempo- ' 
raneous origin of the strata respectively containing them is certainly 
wanting. 

«See Kreidebildungen von Texas, p. 39, PL IV, Fig. 12. 

**See Paleontology of California, II, p. 227. 

« See Jonr. Acad. Nat. Sci. Philad. (n. 8.), IV, p. 3(0, PI. XLVIII, Fig. 23. 

«See Paleontology of California, I, p. 199, PL XXVI, Fig. 185; also II, p. 250^ 
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ON THE SEPARATION OF CONTEMPORANEOUS CRETACEOUS FAUNAS 

IN WESTERN NORTH AMERICA. 

Of the various conditions which limit the distribution of marine 
faunas, the intervention of land-barriers may be regarded as neces- 
sarily the most elective, and if such barriers are of great extent they 
may be well nigh absolute. And yet it is well known that certain 
fossil as well as living species of marine mollusks have reached an 
almost world-wide distribution, notwithstanding the intervention of 
great continental areas. Still, if in the course of the paleontological 
investigation of any region we find that certain formations in differ- 
ent parts of it which are presumably of the same geological age pre- 
sent a marked difierence in the marine molluscan species which each 
formation respectively contains, it is natural to infer that those faunas, 
when living, were separated by a land barrier of considerable extent. 

The facts which I have observed in Western North America indicate 
that such a barrier existed during the Mesozoic age in the form of a 
comparatively narrow continental belt, having a northward and south- 
ward trend, which then almost, if not quite, completely separated the 
respective marine faunas which simultaneously existed upon either 
side. The former existence of a western continental area, which finally 
blended with the remainder of the continent, has long been recognized, 
and I shall not in this connection discuss its existence previous to the 
Cretaceous i)eriod further than to say that there are marked difTerences 
between the Carboniferous fauna of California and that* of the great 
continental area to the eastward of the Pacific coast region. At the 
close of the Knoxville (probably Neocomian) epoch, the western edge 
of the continental area cannot have been far removed from its present 
position. At the beginning of the Chico epoch its western boundary 
was not further westward than the western base of the Sierra Nevada, 
and at the close of the Lower Cretaceous its eastern boundary was not 
further eastward than the eastejrn base of the Bocky Mountain Range 
in Montana to the northward, and the western base of the Sierra Madre 
to the southward ; that is, the Pacific coast Cretaceous strata now reach 
to the western base of the Sierra Nevada, while the Missouri Valley 
Cretaceous reaches as far west as the eastern base of the Eocky Mount- 
ains in Montana, and the Texas Cretaceous reaches as far west as the 
western base of the Sierra Madre in Mexico. 

Since the faunas on each side of the site of that belt are distinctly 
different, although they are presumably of the same age, it seems 
necessary to infer that the belt was a very long one ; otherwise the 
faunas might easily have become distributed around it. The eastern 
and western boundaries of the belt were no doubt irregular in trend, 
and the eastern one especially varied greatly from one epoch to another 
Wtil all beyond to ti\e eastward became a part of the present contiueot, 
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The trend of the western coast daring the Ghico epoch of the later 
Cretaceons was qaite irregular, as shown by the localities at which its 
fossils have been found. As before intimated, it passed along the west- 
em base of the Sierra Nevada ; then, sweeping around the northern end 
of the area which is now occupied by that mountain range, it extended 
into Eastern Oregon as far as longitude 12(Pj latitude 44^. This is the 
most easterly point at which fossils of the Ghico Group have been found, 
and it is much further eastward than any point at which any other of 
the Pacific coast Gretaceous or of the T6jon dex)osits have been dis- 
covered. It thus appears that while the present site of the Sierra 
Nevada was within that continental belt during the Ghico epoch, the 
Gascade Range was then either submerged under the Pacific or was 
broken through by the entrance to a large gulf. 

Again, the trfend of the western border of that belt did not during 
the Gretaceous period coincide with the present trend of the Pacific 
coast to the southward. Such a trend would have thrown the site qf the 
Sierra Madre of Mexico within or to the westward of the continental 
belt ; whereas the existence of eastern Gretaceous deposits upon the 
western side of that range shows that its place was then in the Greta- 
ceous sea, upon the eastern side of the belt. It is therefore probable that 
the peninsula of Lower Galifomia occupies the site of that portion of the 
belt which extended southward from the Sierra Nevada. 

The bearing of these paleontological data upon the orography of 
Western North America is obvious ; but it is not my present purpose 
to discuss that question, and I will close these remarks by rehearsing 
a few facts and indications which I think favor the views which I have 
advanced as to the extreme length and long continuance of the ancient 
continental belt of Western North America : 

First, the fauna of the Knoxville beds of the Shasta Group extends 
from Alaska southward at least as far as Gentral Galifomia; second, 
some fossils which have been sent to the U. S. National Museum from 
Southern Mexico apparently come from strata of similar age ; third, 
no rocks of the age of that group are known to exist to the eastward of 
])robabIe site of that belt ; fourth, the Jurassic fauna of the strata which 
lie to the eastward of the assumed site of the belt is entirely different 
from that of the reputed Jurassic strata to the westward of it. 



CONCLUSIONS. 



The conclusions which I have reached conoenung the questions that 
are discussed on the foregoing pages may be summed up briefly as fol- 
lows : 

Tb0 strata which constitute the T^jon, MartineZ| and Ghico Groups 
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of Gabb/orm one nubroken series, ^hich I have called the Chico-T^jon 
series, and which rests anconformably upon all the rocks beneath it, 
and upon which the Miocene rests conformably. The T6jon portion of 
this series represents the Eocene, and the Chico x>ortion the closing 
epoch of the Cretaceons. But there is an alternate cx)mmingling of 
types tbronghout the whole series, so that no horizon can be designated 
which will sepparate all the Cretaceons types on the one hand and all 
the Tertiary types on the other. In other words, there is an unbroken 
faunal and stratigraphical continuity from the Cretaceons to the Tertiary 
portion of the series. 

The Shasta Group is separable into two divisions, which I have desig- 
nated as the Knoxville beds and the Horsetown beds, respectively. 
The latter probably represent the age of the Gault of Europe, and the 
former apparently the age of the Lower Neocomian, or strata upon the 
confines of the Jurassic. There is probably a hiatus between these two 
divisions, such as is indicated by the last remark, although a small 
number of species appear to be common to both. 

A small number of species also appear to be common to both the 
Chico Group and the Horsetown beds of the Shasta Group, although 
80 wide a hiatus is indicated by the types of a large part of their re- 
spective fossils, as already mentioned. 

The AuceUa erringtonii of the Auriferous Slates is, with considerable 
confidence, identified with the A. piochii of the Knoxville beds of the 
Shasta Group. Therefore, those Auriferous Slates are regarded as of 
the same geological age as the Knoxville beds. It is true that this 
opinion is reached mainly upon the identification of one fossil species, 
but that species is one of the most persistent and widely distributed ones 
in the whole range of the geological series. 

The Knoxville bedd are regarded as having been synchronously de- 
posited with those widely known Aucella-heBJo'mg strata which have 
been found at various points along the northwest coast of North Amer- 
ica, and also as homotaxially equivalent with those which in Northern 
Europe and Asia bear the same species of Aucella. 

No species of fossils yet found in the California Cretaceous rocks have 
been satisfactorily identified with any which occur in strata to the east- 
ward of the Sierra Nevada. 

This difference in the respective faunas which existed simultaneously 
at successive epochs is believed to have been due to the presence of a 
comparatively narrow but long continental belt which existed in the 
region which now comprises that of the Pacific coast, continuously from 
a time at least as early as the earliest epoch of the Cretaceous perio4* 
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The pablioatloDa of the United Stfttee Geologloal Survey are iesaed in Aooordwice with the statote, 
Improved liarch 8, 1870^ which declaree that— 

" The pab]^catlona of the Geological Surrey shall ooaaiat of the annual report of operations, geologloal 
and economio mapa fllostiatlng the resooicea and olaasiflcation of the lands, and'reporta upon general 
and eeonomio geology and paleontology. The annnal report of operationa of the Geological Sonrey 
ahall aooompany the annnal report of the Secretary of the Interior. All special memoirs and reports 
of said Survey shall be issoed in uniform quarto series if deemed neoeosary by the Director, but other- 
wise in ordinary oetavoa. Three thousand oopiea of each shall be published for sdentiflo exchanges 
and for sale at the price of publication ; and all literary and oaitographio materials received in exchange 
shall be the property of the United States and li>nn a part of the library of the organisation: And the 
money resulting frmn the sale of such publiotlions shall be covered into the Treaaury of the United 
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On July 7, 1888, the foUowiag Joint resolution, refeiring to all Goverament publications, was passed 
byCoDgresa: 

" That whenever any doeument or report shall be ordered printed by Congress, there shall be printed 
in addition to the number in each case stated, the 'usual number' (1,900) of copies for binding and 
distribution among those entitled to receive them." 

Under these general lawa it wiU be seen that none of the Survey publications are ftimished to it for 
gsafenitous distribution. The 8,000 copies of the Annual Report ars distributed through the document 
rooms of Congress. The 1,000 copies of each of the publications are distributed to the officers of the 
legislative and. executive departments and to stated depositories throughout the United States. 

Except, therefore, in those cases where an extra number of any publication is supplied to this office 
hj special resolution of Congress, as has been done in the case of the Second, Third, Fourth, and Fifth 
Annual Beports, or where a number has been ordered for its use by the Secretary of the Interior, as in 
the case of Mineral £esourcea and Dictionary of Altitudes, the Survey has no copies of sny of its pub- 
lica t iona for gratuitous distribution. 

ANNUAL RBP0RT8. 

Of the Annual Reporta there have been already publiahed : 

L First Annual Risport to the Hon. Carl Schurx, by Clarence King. 1880. dP. 79 pp. 1 map.— A 
preliminary report describing plan of organisation and publications. 

n. Report of the Director of the United States Geological Survey for 1880-'81, by J. W. PowelL 
1882L 8o. Iv, 688 pp. 61 pL 1 map. 

IIL Third Annual Report of the United States Geological Survey, 1881-*82, by J. W. Powell. 1883 
8^. xviii, 6M pp. 07 pL and maps. 

TV . Fourth Annual Report of the United States Geological Survey, 1882-'88, by J. W. PowelL 1884. 
9P. xii, 473 pp. 85 pL and maps.. 

The Fifth Annual Report is in press. 

MONOGRAPHS. 

Of the Monographs, Koa. n, m, lY, V, YI, Yll, and YIII ars now pubUshed, vis: 

n. Tertiary History of the Grand Cafion District, with atlas, by Clarence E. Dutton, Capt, U. S. A. 

1882. 40. xiv,264pp. 42 pL and atlas of 24 sheets folio. Price $10.12. 

m. Geology of tht Comstock Lode and the Washoe District, with atlas, by George F. Becker. 

1883. 4P. XV, 422 pp. 7 pi. and atlas of 21 sheets folio. Price tlL 

ly. Comstock Mining and Miners, by Eliot Lord. 1888. 4o. xlv, 451 pp. 8 pL Price $1.50. 

V. Copper-bearing Rooks of Lake Superior, by Roland D. Irving. 1883. 4°. xvi, 464 pp. 15 1. 
S0pL Price il.85. 

TX Contributions to the Knowledge of the Older Mesocoio Flora of Virginia, by Wm. M. Fontaine. 
18tt. 40. xi, 144 pp. 541. 54 pL Price $1.05. 

Vn. Silver-lead Deposits of Eureka, Nevada, by Joseph S. Curtis. 1884. i^. xiii, 200 pp. 16 pL 
Price $1.2a 

TIIL Paleontology of the Eureka District, by Charles D. Walcott. 1884. 40. xiii, 298 pp. . 24 L 
MpL Price $1.10. 
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THE HIGHER DEVONIAN FAUNAS OF ONTARIO 

COUNTY, NEW YORK. 



Bj John M. Olabkb. 



INTBODUCTOBY REMARKS. 

The materials and the conclasions preseDted in this paper are the 
partial results of studies of the Devonian of Western New York, which 
have been of several years doration. Since the summer of 1877 much 
attention has been given to the finer subdivision of the Devonian on 
strictly paleontological evidence, the rich development of Devonian 
faunas within Cntario County, and in its vicinity, having afforded an 
uuequaled opportunity for such work. What is here given concerns 
only the Higher Devonian strata and their contents, viz., those of the 
Oenesee, Portage, and Chemung formations, and the m^^terials here 
made use of have been derived principally from the county of Ontario, 
with important additions from the eastward and westward extension of 
these strata into the adjoining counties of Yates and Livingston. 

In preparing these notes I have received many kindnesses firom my 
companion in the field, Mr. D. D. Luther, esq., of Naples, N. Y., to whom 
credit belongs for many of the discoveries here detailed. 

BIBLIOQBAFHT OF THE FORMATIONS HEBE DISCUSSED, VIZ,, THE 
GENESEE, THE NAPLES, THE PORTAGE, AND THE HIGH POINT CHE- 
MUNG ROCKS OF THE STATE OF NEW YORK. 

1839. Conrad, T. A. — Second Annual Report oh the Paleontological De- 
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Vol. III. pp. 57-66. 

1841. Conrad, T. A. — Fifth Annual Report on the Paleontological De- 

partment of the Geological Survey of New York. 

Vol. V, pp. 25-57. 

1842. Conrad, T. A. — ^< Observations on the Silurian and Devonian Sys- 

tems of the 17. S., with descriptions of new organic remains." 

Journal Acad. Nat. Sci. Phila., Vol. VIII, Ft. H, pp. 22S-280. 

1842. Vanoxem, L^Geology of New York, Survey Third Geological 
District. 

Pp. 168-185. 249-303. 
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Pp. 217-2n, 414-449. 

1846. Vemenil, £. de. — <'!N^ote sur le parall61isme (^es roches des d^pdts 
pal^ozoiques de I'Ani^riqae SeptentrioDale avec ceax de I'Ea- 
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contrent, et termin^e par un examen critique de chacune de 
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Ballutin de la Soci^t^ Geologique de France, 2 8eri6, Torae lY, pp. 649-710. 
(Translated by Mr. Hall, and published in Am. Journal of Sci., 2d ser.. 
Vol. V, pp. 176-183, 359-370; Vol. VI, ^p. 45-51, 21c^231.) 

1857. Hall, James. — ^^ Descriptions of Paleozoic Fossils." 

In Tenth Ann. Rep. N. Y. State Cab. Nat. Hist., pp. 41-180. 

1858. Bigsby, J. J.—" On the Paleozoic Basin of the State of New York, 

Part L A synoptical view of the mineralogical and fossil char- 
acters of the Paleozoic Basin of the State of New York.'' 

In Quar. Jour. Gcol. Soc, Vol. XIV, pp. 335-427. 

1858. Bigsby, J. J. — The same. Part II. ^' Classification of the Paleozoic 
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In Quar. Jour. Geol. Soc., Vol. XTV, pp. 427-452. 
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In Quar. Jour. Geol. Soc, Vol. XV, pp. 251-3.35. 

1860. HaU, James. — '^ Notes and observations upon the fossils of the 

Goniatite Limestone, in the Marcellus shale of the Hamilton 
group, and those of the Goniatite Beds of Rockford, Indana, 
with some analogous forms from the Hamilton group proper." 

In Thirteenth Ann. Rep. N. Y. State Cab. Nat. Hist., pp. 95-112. 

1862. Dawson, J. W.— ** On the Flora of the Devonian Period in north- 

eastern North America." 

In Quar. Jonr. Geol. Soc, Vol. XVIII, pp. 296-330. 
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1863. Hall, James.— ^^' Descriptions of new species of Brachipods from 
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In Sixteenth Ann. Rep. N. Y. State Cab. Nat. Hist., pp. 19-66. 
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In Am. Jour. Sol., 2d ser., Vol. XLI, pp. 121-122. 

1867. Hall, James. — Paleontology of New York. 

Vol. IV. 
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> This work is introdaced here as it is not altogether a compilation from other 
works, bnt oontains a number of species not before recognized in these rocks. 
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THE PKTR06ilAPJatl6 AN±) PAIifeOKTOtOGiC CHABA^- 

TEBS OF THE GEI^ESEE BEDS. 

TTPIOAL XXP08URB8. 

1. East ttod west shores of Canandaigua Lake f)rom Seneca Point and Gennndewah 

aonth to Woodville. 
S. The ravines on the west side of Canandaigua Lake, viz. ; at Black Point, Seneca 

Point, and Foster's Point. 

3. Cheshire in Canandaigua Township. * 

4. Bristol Center in <' Blacksmith's," BandalFs, and other gnllies. 

5. Hamilton Gully, Houeoye Lake. 

6. Qlenville, Hemlock Lake. 

These shales constitute the uppermost snbdivlsion of the rocks of 
the Hamilton Period, and are usually regarded as representing the 
uppermost Middle Devonian in New York. Since the original thorough 
characterization of these strata in the Greological Beport of the Fourth 
District of New York, in 1843, their petrographical fei^ures, in a gen- 
eral sense, have been well known. In Ontario and the adjoining coun- 
ties they are developed as a mass of bituminous shales, although vary- 
ing in the amount of organic matter they contain in different horizons 
and localities. 

Bituminous shales occur also in the overlying Naples group of strata, 
which are separated from the dark layers of the Genesee by a distance 
of only a few feet of green shales, and on this account their bituminous 
character does not always serve to identify their outcrops where the ad- 
joining rocks are not exposed. The order of succession in the Genesee 
strata of the district under consideration is not constant, largely ex- 
plained by the fact that the rocks are shales, although in the fact of their 
tendency to local variations these beds differ from the shales of the under- 
lying Hamilton proprement dit which I have found to be quite persistent 
in petrographical character and paleontological contents. 

Along the shores of Canandaigua Lake, where the strata have an ex- 
cellent development, there are at the base of the group about 20 feet of 
bituminous arenaceous shale, containing rows of concretions of impure 
calcic carbonate, this overlaid by 40 feet of densely bituminous rock 
having a perfect cleavage that gives it a close resemblance to a slate. 
This bed is so rich in organic matters that a blow of the hammer evap- 
orates enough of the lighter hydrocarbons to produce a very strong pe- 
troleum smell. Over limited areas it loses its schistose character, be- 
comes compact and densely rich in bituminous matter. The freshly 
broken surface is of a deep black or dark cofitee color, and the streak 
chocolate brown. On account of numerous planes of jointing which 
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cross these layers, and the capacity of the rock for resisting weathering, 
they always make a marked featore in a landscape. The exposures are 
generally high walls covered with projecting battlements, buttresses 
and parallelopipedons. 

Above these strata lies a mass of black, fragile, clay shale, 100 feet 
thick, which passes into the overlying transition shales. 

Further than this there is no variation in the rocks of the Gtonesee 
division in Ontario County, except in the case of the thin calcareous 
beds which are here designated as the Styliola layer. 

In the summer of 1878 I received fix)m Mr. Hall a small fragment of 
limestone ^uite made up of the exuvisB of the little pteropod which had 
already been described by him as Tentaculites fissurelUij subsequently 
as Styliola fissurella. The specimen had been collected in the course of 
the geological survey of 1837-'43 from a loose block in the town of 
South Bristol, Ontario County. Accompanying the specimen was a re- 
quest that I should make a search for the outcrop of this rock, and 
subsequent searches resulted in finding the layer in the midst of the 
dark shales of the Genesee and about 20 feet from their base, a little to 
east of the village of Cheshire in the township of Canandaigna. Con. 
tinned searches for the distribution of the layer have discovered its out- 
crops in many and widely separated localities throughout the width of 
the district under consideration. Wherever occurring this layer is 
quite unique in its composition, consisting almost wholly of the shells 
of these minute pteropods, which are so small that they measure no more 
tbau 1^ to 2°*°* in length, and so abundant that I have estimated teom 
good specimens of the limestone at least 40,000 individuals to a cubic 
inch of the rock. Stylio' a fissurella occurs also in great abundance in 
other horizons, as in the bituminous shales of the Marcellus epoch, where 
it is very characteristic of the blackftt and most fissile layers.^ Hall 
has also quoted the species as occurring in great abundance in the 
Black Slates of Lexington, Indiana, where it is associated with Chonetes 
Upida H. Further on in this paper I note the recurrence of the fossil 
in great quantities in a concretionary Ooniatite-bearing stratum of the 
Naples shales, but nowhere elsA does it occur in so great abundance 
as at this horizon. 

This Styliola layer varies somewhat in petrographical character in its 
different outcrops. On the shores of Canandaigna Lake it makes a 
somewhat concretionary limestone about 1 foot in thickness, and with 
a strong schistose tendency. In the ravines about Bristol Center and 
further to the west its concretionary character becomes more strongly 
marked, and in these places the concretionary masses are overlaid and 
underlaid by masses of strongly bituminous shale containing the same 
fossil in the same abundance. Still farther west, in the township of 
Bichmond, and near Hemlock Lake, the layer becomes pretty well sepa- 

2 Paleontology of N. Y., Vol. V, Pi. II, p. 179. 
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rated into a Buccession of thin, very calcareous bands, whicli are scat- 
tered through a thickness of several feet in the dark shales; but, how- 
ever it may oscillate between shale and limestone, its place in the rocks 
is at once marked by the predominance of the Styliola. Its persistence 
is noteworthy, as Mr. Hall states that a similar limestone 6 inches thick 
is to be found on Cayuga Creek, near Alden, Erie County, about 80 
miles fiurther west 

Whether the rock of the stratum be limestone or shale, it is always 
extremely rich in organic matter. I find that in most of the shales 
there is quite as great an abtmdance of Styliola shells a« in the lime- 
stone, while tliere is a much greater quantity of organic matter, and to 
this may be ascribed the more perfectly developed tendency to cleavage 
in the ^ales, for the calcium carbonate of both limestone and shales is 
almost wholly derived from these shells. Thin sections show under 
the microscope that the rock has little else in it than these exuvisB, so 
closely crowded together that not infirequently one individual is thrust 
inside of another, and a third inside the second. In whatever direction 
of a fragment of the rock a thin slice is made, all the interspaces be- 
tween the individuals which have been longitudinally cut are usually 
completely filled with transverse sections of other individuals, lying 
at varying angles to those which have happened to be longitudinally 
cut. Interstices too small to^ accommodate a Styliola are very often 
filled with bituminous matter, and it is quite common to find in the 
interior filling of the Styliola a considerable intei mixture of organic 
matter left from the decomposition of the original tenant of the shell. 
The cementation of these originally, loose shells has naturally been 
effected by percolating waters dissolving and depositing calcic car- 
bonate. The thin sections show that this calcite has been deposited 
evenly on the entire inner surfsH Of the shells, the youngest surfaces 
of the deposit coming together in 'a line, which is the longitudinal axis 
of the shells, giving thus to the longitudinal section the appearance 
of vein-infiltration. Many of the longitudinally cut individuals show 
also an external coating of calcite, which appears at best advantage 
where the original accumulation of shells has had a somewhat looser 
texture and plenty of room has thus been left between the shells for 
the deposition of such a layer. Both external and internal deposits arc 
crystidline. Every Styliola shell, whether only filled with calcite or 
whether it has in addition to its interior filling an external coating of the 
mineral, shows two distinct sets of what appear at first to be twinning- 
Itnes of the rhombohcdrou — ^ B. Both of these sets of lines take their 
origin along the central line or axis of the shell, and proceed, each ob- 
liquely backward or toward the apex of the shell, through the interior 
filling, the substance of the shell itself, and the external layer without 
interruption, and these three layers of calcite show under the polariscope 
I>erfect optical and crystalline continuity. Such twinning-lines, as they 
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are ordinarily developed in a crystalline limestone are seen to occur 
in the individual grains^ one series for each grain, but the series in 
the adjoining grains have absolutely no relation to one another, bat 
in the case of the Styliola shells and the accompanying caleite there 
is always a definite relation between these two sets of twinning- lines ) 
thus the angle which they make with each other is always the same^ 
49^, and this angle is invariably directed toward the stoma of the shelL 
Here may be thus an interesting example of the twinning of twinned 
calcites occurring about these Styliola shells. I have noticed, however^ 
that the caleite of the Styliola shells invariably, polarizes throughout 
with the same color, and I have hitherto been unable to detect any 
difference in the colors afforded by the adjacent lamellae. Not infre* 
quently is to be discerned in the StyliokB a second, but very indistinct, 
series of lines making an angle with the lines of the first set, the angle 
which they make with each other along the axis of the shell being 49^ as 
in the first set, and directed towards the apex of the shell. 

The transverse sections of these shells, when made at right angles to 
the axis show, with crossed Nicols, a radiate-crystalline structure, the 
radial needles extending from the center through the exterior coating 
of caleite. Their appearance suggests the structure apparent in a cross- 
section of a Belemnite, but in the longitudinal sections there is no such 
evidence of their existence as is found ui the Belemnite. In polarized 
light these transverse sections show very beautifully the dark cross 
accompanying spherulitic structure. ^ I recently requested of Professor 
Zirkel, of Leipsic, his opinion of the nature of the double series of line« 
meeting at the axis in the longitudinal sections of the shell, and have 
been pleased to learn that he does not regard the lines as lines of twin- 
ning, but as lines of cleavage. That these lines have the most evident 
axial angle always directed toward tlie stoma of the shell, he regards 
due to the orientation of the caleite in its deposition, which, under sim- 
ilar circumstances, would be the same for given surfaces. The fact, 
however, that these rhombohedron cleavage lines have the pame rela- 
tion to the Styliola shell and its enveloping caleite as rhombohedron 
lines to a scalenohedron of caleite, prompts a query whether each one 
of the acicular shells may not have taken its caleite as a scalenohedron, 
and whether the Styliola shell, itself an acute suggestion of a scaleno- 
hedron may not have exercised the influence of a scalenohedron in con- 
trolling the subsequent deposition of the caleite. Upon this question 
the recent investigations of Brongniart,^ Sorby,^ and Irving ^ into the 
character of the induration of ancient sandstones may have an interest- 
ing bearing. 

* Graines Fossiles. 1880. 

* Address before Geol. Soc, London. Qoar. Jour. Geo). Soo., Vol. XXXVI, p. 62. 

* Am. Jonr. Science, 3d ser., Vol. XX V, No. 50. 
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The passage from the gray calcareous shales of the Hamilton beds 
proprenient dit to the black shales of the Genesee is unusually sharply 
defined, a fact due evidently to the close proximity of the Tully lime- 
stone (the limit between the Hamilton and Genesee, wherever it ap- 
liears). This formation is lacking in New York west of the village of 
Bethel, in the township of Gorham, but for a distance of 10 or 15 miles 
west of its last* appearance its influence seems marked by the clearly 
defined separation between the shales of the Genesee and those of the 
nnderlying Hamilton. 

But with this plane of st»paration very clearly marked I notice three 
species of brai'hiopoda which belong strictly to the Hnmilton epoch 
fauna, and which cannot be regarded as an element in the proper fauna 
of the Genesee epoch, passing a short distance from the upper limit ol 
tiie Hamilton shales into the black shales. These are Spiri/era medialis^ 
var. Eato^ii H.; S, Tullia H. ; Orthis idonea H. 

Leaving these three fossils out of , consideration, it will be seen from 
the table appended at the close of the discussion of the fauna of the 
Portage group, that there are nine species common to the faunas of the 
Hamilton and the Genesee -epochs in this district, and it is true that 
with the exception of the species Ohoneies lepida and Chonetes setigera 
none of them are in any sense characteristic or abundant in the Hamil- 
ton. 



REVIEW OF THE FAUNA AND FLORA OF THE GENESEE SHALES. 

PISCES. 

Genus POLYGNATHUS. 
1. Polygnathus dubius. 

Polygnathus duhiun Hinde, G. J., Qiiar. Jour. Geol. Soc., Vol. XXXV, 
p. 362, n. XVI, Figs. 6-18. 

This '^Conodont" tooth agrees well with some of the variations of 
the above species. It is the only species which I have noticed in this 
horizon. From the upper shales of the group at Glenville, Hemlock 
Lake. (Vide description of fossils of the Naples Shales for more par- 
ticulars in regard to the occurrence of these fossils.) 

Genus DINICTHYS. 
2. Dinicthys Newberryi, n. sp. 

(Plato I, Fig. 1.) 

From the concretions in the black, bituminous, so called Huron Shale 
of Ohio, which is probably closely equivalent in age with the Genesee 

Bull. 16 2 (51 ) 



18 



HIGHER DEVONIAN FAUNAS, ONTARIO CO., N. Y. [bull.1«* 



and Kaples shales of New York, Newberry described, in 1873,* the above 
mentioned genus with twc^ species. These two forms have introduced 
to our knowledge a novel sort of monstrous fishes, and the species i>. 
Terrelli and D. Bertzeri have gained a well-deserved reputation on ac- 
count of their immense size, formidable appearance, and peculiar zoolog- 
ical relations, as well as for the beauty of the specimens obtained. 

Kayser has described (Zeitsch. d. deutsch. Geol. Gesell. Vol. XXXII, 
p. 817) a third species under the name Dinicthys (!) Eifelensis^ from Gerol- 
stein. 

From the concretions of the Styliola layer in Blacksmith Gully, sit 
Bristol Center, I have a beautifully preserved specimen of the lower 
right mandible, with the right maxUlary and i>ortions of the cranial 
bones of an individual of this genus. The lower mandible, which is the 
best preserved of all of the parts taken, is just about one-half the size of 
the corresponding part of either of the Ohio species. In the possession of 
a sharp, even, knife like cutting edge on the mandible instead of a finely- 
toothed cutting edge, it is more closely allied to 1). Terrelli thau to />. 
Hertzerij but the jaw in its relative dimensions is much less stout thau 
in 2>. Terrelli^ approaching in these particulars much more closely to />. 
Hertzeri, To show these relative proportions clearly I give herewith 
the measurements in the two previously described species of what may 
be regarded the constants in the right lower mandible for comparison 
with those in this smaller form. In the diagrams, column A gives the 
length of the mandible; B, its width at a point half way from the x)oste 
rior angle to the cutting edge ; 0, the width from the anterior end of the 
cutting edge to the base of the mandible ; D, from the apex of the an- 
terior prehensile tooth to its base. 



D. Terrelli... 
D. Hertzeri... 
D. Newberry! 



A. 


B. 
cm. 


C. 


cm. 


cm. 


56i 


15 


in 


50 


'^ 


28* 


51 



D. 



cm. 

8* 



By reducing these dimensions to the standard of the smallest species, 
we have these ratios : 



D. Terrelli... 
D. Hertseri . . 
D. Newberry i 



A.. 


B. 


C. 


D. 


2 
2.1 

1 


2.4 
2.1 

1 


2.6 
2.1 

1 


2.5 
2.1 

1 



This mandible thus is not quite one-half the size of that of either of 
Dr. Newberry's species, but in its relative proportions it agrees quite 



^Geological Snrvey of Ohio., Pal., Vols. I and II. 
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closely with those of D. Hertzeri, while D. TerrelH, having a greater 
width in proportion to its length, has a stouter jaw. In the right max- 
illary we have these measurements to compare with the like in 2>. Ter- 
relli, (I have not been able to ascertain them for 2>. Hertzeri.) 



Their ratio will be 



D. Terrelli 


Length. 


Width. 


em. 


0M. 


D. Ne wberryi 




Ibe; 


D. Terrelli 


2.5 

1 


2.3 
1 


1). Newberrvi 





There is thus a similar disproportion in these bones to that in the 
mandibles of the two species. This measurement of width for the max- 
illary of i>. TerrcWi does not include the triangular process on its upper 
posterior limb, which is wanting in 1). NewherryL 

In the same JStyliola layer as it outcrops on the east side of Canan- 
daigua Lake, near Genundewah, G miles from the Bristol locality, I 
had earlier discovered a dorso-mediau plate belonging presumably 
to the same species. Its dimensions are as follows: Length, 13J®" 
(broken); width, anteriorly, 13^*""*; height of carinal process, 5^"*. 

In the Ohio species these dimensions are in centimeters : 

I). Terrelli, 65 : 57^ : 10. 
D. Hertzeri, 67^ : 53 : 10. 
Compared with B, Newherryi^ their ratios are : 
D. Terrelli, 5.2 : 4.2 : 2. 
D. Hertzeri, 5.4 : 4 : 2. 
D. Newberryi, (!j 1 : 1 : 1. 

The posterior edge of this plate in i). Newberryi is broken and has 
apparently lost 3 or 4*^"' from its length. The smallness of the bones of 
D. Newberryi does not indicate immature growth of an individual of 
either of the other species. The discovery in outcrops of the same hori- 
zon, in localities separated by a distance of several miles, of bones of 
different individuals, all of which seem to agree with one another in 
their relative proportions, is at least presumptive evidence that these 
individuals had attained maturity and that the size of the bones 
given above is that of normal full growth. (Since writing the above I 
have received the description of A new Dinicthys from the Portage 
Group of Western New York, by E. N. S. Ringueberg (Am. Jour. Sci.j 
3d ser., Vol. XXVII, No. 102, June, 1884, p. 476.) 
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Mr. Ringueberg'8 species is from Sturgeon Point, on Lake Erie, 20 
miles below Buffalo, and was found in the black shales of the Port- 
age Group, the specimen consisting of a somewhat fragmentary' dorso- 
median plate. This plate agrees well, in general dimensions, with 
that of D, Newberry i^ but there is nothing in the latter like the strongly 
bifurcate crest represented by Mr. Ringueberg, and the species must be 
regarded as distinct. 

Genus PALEONISCUS. 
3. Paleoniscua devonicus, n. sp. 
(Plate I, Figs. ^^-<).) 

(The description of this species is given with the notice of the fauna 
of the Naples Shales.) 

A single scale of this species I have found in the shales of Glenville, 
Hemlock Lake, a few feet above the Styliola Inyer, 



CRUSTACEA. 

Genns CERATI0CARI8. 
4. Ceratiocaris loDgicaudus. 

Ceratiocaris longicaudus Hall, Sixteenth Ann. Rep. N. Y. State Cab. 
Nat. Hist., 1863. 

The telson spines of this species occur in the (•x)ncretions of the upper 
arenaceous layers at Whale's Back, on Ganandaigua Lake. 

CEPHALOPODA. 

GeDus GONIATITES. 
5. GoniatiteB complanatus. 

Ooniaiites complanatus Hall, Geol. N. Y., Survey Fourth Geol. Dist. 
To be found occasionally in the more arenaceous layers. 

6. Goniatites discoideus. 

Goniatites discoideus Hall, Thirteenth Ann. Rep. N. Y. State Cab. Nat. 
Hist., 1860. 

This species, which has usually been regarded as characteristic of the 
Marcel! us shales, occurs in fine examples in the Styliola layer, 
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7. Goniatites Patersonl. 

QoniatiUs Patersoni Hall, Pal. N. Y., Vol. V, Pt. II, 1879. 

The concretionary portions of the Styliola layer on Canandaigua Lake 
have afforded evidence of the comparative abundance of this species, 
which has been hitherto regarded as diagnostic of the Portage Group. 

8. Gtoniatites nodifer n. sp. 

Shell' umbilicate, body-whorl expanding rapidly outwards, its width 
at the stoma being 2^ times that at the beginning of the volution, com- 
pressed laterally, sloping gradually to the dorsum which is rounded, 
widest on the inner margin where it falls away abruptly to the inner 
whorls. The umbilicus shows five whorls which overlap one another 
in such a way as to leave each preceding one exposed for about one-fifth 
its width. Diameter of the noruial full grown shell 14™™, of which the 
the umbilicus covers 5'"™. Suture : Dorsal lobe shorl, lanceolate; dorsal 
saddles small, rounded and sloping slightly toward the umbilicus, outer 
lateral lobes somewhat narrower than the dorsal saddles but of the same 
length; lateral saddles broad, rounded, twice as long as dorsal saddles, 
and distinctly sloping toward the umbilicus. Inner lateral lobe short, 
rounded and ventral saddle small and indistinct. This suture is very 
similar to that of O. plmwrhis Sandb. ( Versteinerungen d. Rhein. Schicht. 
Nass., p. 96, PI. IX, Fig. 3), though the Nassau species is a much more 
umbilicate shell. The inner whorls are edged with strong nodes, which 
may be the protruding ends of ridges passing across the whorls. These 
number from 12 to 10 for each whorl, but become fainter on the younger 
whorls, and are hardly distinguishable on the last volution. No other 
marks of ornamentation are visible. 

This species is a rare form occurring in the Styliola layer in associa- 
tion with O. Patersoni H., and as one of the Crenate goniatites stands 
in close sutural relations to this fossil. Its nearer allies, however, both 
in form, suture, and strength of iinibilication, are G. pinnorbis Sandb., 
6. lamellosus Sandb., and G. tuhervuloHUs d'Arch. find Verneuil. 

From Genundewah, Canandaigua Lake. 

It is a matter of n^gret to me that on account of the recent discovery 
of this species it has been inconvenient to ])repare an illustration of it. 

(Jenns 0KTH0CP:KA8. 
9. Orthoceras pacator. 

Orthoceras pacator Hall, Pal. N. Y., Vol. V, Pt. II, 1879. 

A single finely-preserved example from the Styliola layer is referred 
to this species, which has hitherto been regarded as confined to the shales 
of the Portage Group. 
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Genus GUMIMIOCEUAS. 
10. Gomphcx^eras manes. 

Gamphoeeras Manes Hall, Pal. N. Y., Vol. V. Pt. II, 1879. 

A large fragment measnriog 3 iuches in diameter, probably belongs 
to this species. From the Styltola layer. 



PTEROPODA. 

Gtenns COLEOLUS. 
11. Coleolus acicnltim. 

Orthaceras aciculum Hall, Geol. 'N. Y., Survey Fourth Geol. Dist., 1843. 
Coleolus aciculum Hall, Pal. K Y., Vol. V, Pt. II, 1879. 

Occasionally in the lower areuaceoun shales on Canandaigua Lake, 
and not uncommon in the Styliola layer, 

Genns TENTACULITES. 
12. Tentaculites gracilistriatus. 

Teniaculites gracilistruitus Hall, Pal. ^". Y., Vol. V, Pt. II, 1879. 

Not infrequent; associated with the following species in the calcare- 
ous layers. 

Genus STYLIOLA. 
13. Styliola fissureUa. 

Tentaculites finsurella Hall, Geol. N. Y., Survey Fourth Geol. Dist., 1879. 
atyliola fissurella Hall, Pal. N. i'., Vol. V, Pt. II, 1879. 

Bare, except in the calcareous layers and concretions. 

GASTROPODA. 

Genus PLEUKOTOMAKIA. 
14. Pleurotomaria Itys var. tenuispira. 

Pleurotomaria Itys var. tenuispira Hall, Pal. N. Y., Vol. V, Pt. II, 1879, 
PI. XXX, F. 25. 

The concretions of the Styliola layer afford in considerable abundance 
a species of Pleurotomaria agreeing with this variety in its strong re- 
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volving strisB, which are especially promiuent on the upper surface of 
the whorls. . 

The original of HaU is from the Hamilton Shales of Hamburgh, F. Y. 

15. Pleorotomaria Tugulata. 

Pleurotomaria rugulata HaH, Thirteenth Ann. Rep. N. Y. State Cab. 
Nat. Hist., 1860. 

This species, which is very characteristic of the Marcellus shales, T 
have found in a few instances in the lower shales in Bristol Center. 

GenuB BELLEROPHON. 

16. Bellerophon striatua (f ). 

Bellerophon atriafus Ferussac and d'Orbigny. Broun, Lethiea Geognos- 
tica, PI. I, Fig. 11. 

The concretions of the Styliola layer contain a Bellerophon, which will 
probably be referable to this species. This shell has a width of from 
16 to 18"™ across the stoma, is not explanate, but has the proper pro- 
X)ortion8 of JB. 8triatu8 as given in the place cited. The younger portion 
of the body whorl is covered by a callous, the remainder of the volution 
showing an ornamentation consisting of tubercles or papillate eleva- 
tions, crossing which may be seen the lamellose lines of growth. The 
dorsum is strongly defined, is free of tubercles, and is crossed by retrally 
bent lines of growth. B. Mcera H. (Pal. N. ^., Vol. V, Pt. II, p. 119, 
PI. XXV, Figs. 0-14, and PI. XXVI, Figs. 19-24) has a similarly 
tubercled surface, but the dorsum is also tubercled. ♦ . 

From Genundew.ah, Canandaigua Lake. 

Bellerophon striaitut occurs in rocks of approximately the same age, 
in the Iberg formation of the Harz Mountains. 

PELECYPODA. 

Genus LIJNULICARDIUM. 

17. Lunulicardium fragile. 

Amcula fragilw Hall, Geol. N. Y., Survey Fourth Geol. Dist., 1843. 
Lunulicardium fragile Hall, Pal. N. Y., Vol. V, Pt. I, 1883. 

Very abundant in the Styliola layer on Canandaigua Lake in very 
large and finely preserved examples. Very common also in the more 
sandy shales of the series, generally in a flattened condition. 
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(JmiiB CAKDIOLA. 
18. Cardiola retrostriata. 

(For the synouyuiy aud further discussion of this species see remarks 
on the fauna of the Naples shales.) 

This species, which reaches its culmination in the overlying Naples 
shales, occurs sparingly in the transition l>eds at the top and the arena- 
ceous shales at the base of the Genesee. 



BRACHIOPODA. 

Genus LEIORHYNCHUS. 
19. LeiorhynchuB quadricostatus. 

Orthis quadricostata Vanuxem, Geol. N. Y., Survey Third Geol. Dist., 

1842. 
Atrypa quadricostata Hall, Geol. N. Y., Survey Fourth Geol. Dist., 1843. 
Rhynchonella quadricostata Hall, Tenth Ann. Rep. N. Y. State Cab. Nat. 

Hist., 1857. 
Leiorhynchus qu^dricostutus Hall, Thirteenth Ann. Rep. N. Y. State Cab, 

Nat. Hist., 1860. 

Not an uncommon species; associated with Di^cina Lodensi^ in the 
more bituminous layers. 

Genus CH0NP:TES. 

20. Chonetes lepida. 

Chonetes lepida Hall, Tenth Ann. Rep. N. Y. State Cab. Nat. Hist., 1857. 

Characteristic of the Marcellus shales, and occurring but sparsely at 

this horizon. 

21. Chonetes setigera. 

Strophomena setigera Hall, Geol. N. Y., Survey Fourth Geol. Dist., 1843. 
Chonetes setigera Hall, Tenth Ann. Rep. N. Y. State Cab. Nat. Hist., 1857. 

Not common ; much more abundant in the Hamilton shales below 
and the Chemuog group above. From the Styliola layer. 

Genus DISCINA. 

22. Discina Lodensis. 

OrbimXa Lodensis Vanuxem, Geol. N. Y., Survey Third Geol. Dist., 1842. 
JHscina Lodensis Hall, Pal. N. Y., Vol. IV, 1867. 

Quite abundant in the higher, more bituminous strata at Seneca Point, 
on Cauandaigua Lake, at Bristol Center, aud at Glenville, on Hemlock 

Lake. 
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Gtmus LINGIJLA. 
23. Lingula spatnlata. 

Lingula spatulata Vauuxem, Geol. New York, Survey Third Geol. Dist.^ 

1842. 

• 

Extremely abundant in tlie Styliola layer in all its outcrops, passing 
through noticeable variation in size. 

Cleuus CLADOCHONUS. 
24. CladochonuB sp. 

A member of this genus, whose specific relations have not been de- 
termined, occurs with some frequency in the StyUoJa layer on Canandai- 
gua Lake. 

CRINOIDEA. 

Genus MELOCRINUS. 
25. Melocrinns Clarkei. 

Melocrinus Clarkei H. S. Williams, Proc. Acad. Nat. Sci., Phila., p! 31, 

1882. 

This species, which is the only crinoid described from the Genesee 
rocks, is limited, as far as my knowledge of it goes, to a very well de- 
fined horizon. The first specimens, cou^istiug of a slab with eight indi- 
viduals in a fine state of preservation, were found twelve years ago in 
Bell's Gully, on Cauaudaigua Lake, and until the summer of 1881 all 
efforts to find further traces of the species in the Genesee had been in 
vain. In that summer a single calyx was obtained from a thin calcareous 
layer about 10 feet above the Styliola layer near Seneca Point, on Can- 
andaigua Lake, and subsequently discovered at the same distance above 
the Styliola layer in Bristol C(?nter an exposure which showed seronteeu 
calices in good preservation. This layer, which seems to be persistent 
over an area at least of some miles square, is not over an inch in thick- 
ness, and indicates that although this crinoid had encroached, appar- 
ently in great numbers, upon the bottom of the retired, quiet sea of 
this epoch so rich in decomposing organic matter, in a place where its 
environment would seem to be entirely against^ts successful growth, 
the entire plantation was soon overwhelmed, and the species did not 
return until the appearance of the fauna of the Naples shales. 

PLANTS. 

Genus LEPIDODENDRON. 
26. Lepidodendron primdevum. 

Lepidodendron primwvum Kogers, Geol. Survey, Penn., Vol. II, 1858. 
This species is rarer at this horizon than in the fauna of the Naples 
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shales, but is occasionally to be found in the Styliola layer^ and in the 
bituminous strata at Black Point, Cauandaigua Lake. 

27. Lepidodendron Gaspianum. 

Lepidodendran gaspianum Dawson, Quar. Jour. Geol. Soc, Vol. XVIII, 
1862. 

I have no knowledge of the previous identification of this species in 
the rocks below the Chemung group. Dr. Dawson has identified it 
from the Styliola layer. 

Genus CALAMITES. 
28. Calamites inomatus. 

Calamites inornatu^ Dawson, Quar. Jour. Geol. Soc, Vol. XVIII, 1862. 

A single specimen of this species, 13 inches long and 3 inches wide, 
agrees well in its coarse, broad llutiugs with ihe original description of 
the species. From the very bituminous shales at Black Point, Oanan- 
daigua Lake. 

Genus CLADOXYLON. 

29. Clado3cylon mirabile. 

CUidoxylon mirabile Unger, Beitrag z. Palaontologie d. Thiiringer 
Waldes, 1856, p. 93, PI. XII, Figs. 6, 7. 

This species has been identified by Dawson (Fossil Plants of the 
Erian and Silurian of Canada, Pt. II, 1882, p. 126) from specimens taken 
from the Styliola layer on Canandaigua Lake. Tliis is its first identifi- 
cation in America, the original having been described from the Upper 
Devonian at Saalfeld. 

Genus CYCLOSTIGMA. 
^ 30. Cyclostigma afBne. 

CycloHtigma affine Dawson, Quar. Jour. Geol. Soc, Vol. XXXVII, 1881, 
p. 279, PI. XII, Figs. 11, 12. 

This species, described from specimens taken in the adjoining county 
of Yates, has been recognized by Dr. Dawson, also, in the Styliola layer 
of Canandaigua Lake. 

^ Genus DADOXYLON. 

31. Dadozylon Clarkei. 

Dadoxylon ClarTcei Dawson, Fossil Plants of the Erian and Upper Si- 
lurian Formations of Canada, 1882, Pt. II, p. 124. 

Described from examples from the Styliola layer. The specimens from 
which the original description has been made were comparatively small 
branches, measuring but an inch or two in diameter. More recently 
I have found examples 6 inches in diameter and nearly 3 feet in length. 
The abundance of this species in the Styliola horizon, and especially 
^ (60) 
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in the large concretions in the shales immediately overlying, is very 
worthy of note. I have found it in every outcrop of the Styliola layer 
known to me, and at Bristol Center it occurs in great quantity and with 
fine preservation. It has proved itself the most abundant fossil wood 
of the Devonian of this district. To account for its presence we may 
assume the close proximity of land, i)erhaps wooded islands, as sug- 
gested by Dawson, or the mouth of some large continental water-course, 
through whose agency this drift-wood was carried out to sea. Its con- 
stant association, however, with the pelagic fossil Styliola leads us to 
believe that either it must have been carried in large quantities far out 
to sea, or that the little pteropods were swept in by ocean currents 
from deep water. The latter may be more probable, inasmuch as the 
character of the fauna and flora as a w^hole, with the lithological fea- 
. tures of the formation, are such as to indicate a quiet, protected, and 
moderately shallow sea. The occurrence of the one crinoid known in 
the. group, Melocrintis^ has a definite bearing upon this conclusion. 
As far as known it appeared but at one horizon in the Genesee, and 
then in great numbers; migrating from its proper environment in deep 
waters, it encroached upon the Genesee fauna, but was soon over- 
whelmed by a deposit of muddy sediment, and did not appear again 
until toward the close of the epoch in which- the Naples shales were 
laid down. 

Genus SPORANGITES. 

32. Sporangites Huronensis. 

Sporangites Huronensis Dawson, AnL Jour. Sci., 1871, p. 257. 

Specimens of these spores I have found in places in the more bitu- 
minous portions of the Genesee shales, but they are not commonly well 
preserved. It has been suggested by various authorities, most lately by 
Orton"' for the Ohio Devonian and Subcarboniferous bituminous shales, 
that the bituminous matter contained in these rocks may be 9ie in a 
large measure to these lycopodiaceous spores, from the permeation of 
the resinous matter contained by them through the containing rock. 
Whether or not this is the cfise, I have found these or similar macro- 
spores in the Corniferoua limestone in much greater abundance and in a 
more perfect state of preservation than in the Genesee, in a rock which 
is not black and can hardly be called bituminous. Dawson ^ has re- 
cently described from the Devonian beds of Rio Trombetos and Rio Gu- 
ru^, Brazil, forms of spore-sacs which he has regarded as closely allied 
to the modern Rhizocarj)S represented by the genus Salvinia^ and for 
these he has suggested the generic name Protoftalvinia, The macrospores 
contained in these sporocarps are in all respects similar to the scattered 
macrospores of the Genesee and Coruiferous. Evidence of enveloping 



'Source of BitauiioouH Matter in Ohio Black Shales, Am. Jour. Sci., 1882, p. 171. 
«0n Rhizocarps iu the Paleozoic Period.Proc. Am. Ass. Adv. Sci., Vol. XXXII, 188:?. 
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membranes or sporocarps, ibr these North American^ spores, such as are 
found in the Brazilian species, is not yet at hand, but in view of the 
similarity existing in the macrospores themselves of these different 
North and South American species, Dawson suggests the probability 
that all of these Devonian Sporangites were allied to the modern Bhizo> 
carps. 

• 

In addition to these species, which constitute the known fauna and 
flora of the Genesee rocks of Ontario County, others have been described 
by other investigators from the outcrops of these rocks in other portions 
of the State. Hinde *" has described a large number of species of '* Oono- 
donts ^ from the Hamilton and Genesee shales of North Evans, Erie 
County, of which the following, in addition to the one I have already 
mentioned, are quoted from the Genesee : 

Prianiodus angulatus. Polygnathus nasutua, 

aciculariif. princeps 

armatus, palmatres, 

spicatus. punctatus. 

The following species is quoted by Vanuxem:^* • 

Lingula concentrica Vanuxem. 

By Hall :» 

Discina truncata Hall. 

By Williams:" 

Amboccelia umbonata Conrad. 

By Dawson : ^* . 

Rachiopteris pinnaia Dawson. 

The PyriieFauna, — In the more fissile bituminous strata of the Genesee, 
occurring in both the lower and the higher layers, there are very often 
to be found nodules or concretions of pyrite, usually somewhat kidney- 
shaped,^ or a little flattened from lying in the shale, often made up of 
masses of cubic or pyritohedral crystals and not infrequently as large 
as one's head. To find fossils preserved in pyrite is a very common oc- 
currence in all the Devonian strata of New York, as it is indeed in the 
strata of nearly every age. But these pyrite nodules of the Genesee 
prove to contain a fauna almost entirely of Xheir own. and though it is 
an association of fossils quite in consonance with its Devonian surround- 
ings, all the species which I have hitherto found them to contain are to 
be found nowhere else." 



^Vide for later investigations of these spores, Am. Jour. Sei., Vol. XXIX, April, 
1885, pp. 284-289. 
lOQuar. Jour. Geo. Soc., Vol. XXXV, 1879. 
»' Geol. N. Y., Survey Third Geol. Dist., 1842. 

'^Geol. N. Y., Survey Fourth Geol. Dist., 1843;. Pal. N. Y., Vol. IV, 1867. 
'3 Pal. Rehearches.** Science," Vol.1, No. 16, 1880. 
"Quar. Jour. Geol. Soc., Vol. XVIII, 1862. 
^ With the ezoeption of Chonetes lepida H. 
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r describe herewith the species I have detenu ined, and take pains to 
give them names suggested by their environment, which will serve to keep 
them distinct as a fauna. I believe there is abundant opportunity to 
enlarge this fauna, and I trust this suggestion may be of value to others 
studying the same rocks. 

Genus BEYRICHIA. 
33. Be3rrichia Dagon, n. Bp. 

(Plate II, Figs. 6, 7.) 

This species measures ^ "™ in length and f *""» in its greatest width, 
which is posteriorly. Hinge line straight; ventral outline semi-oval, 
rounding somewhat abruptly on the posterior margin, bounded by a well- 
marked rim on both valves. Posterior third of the shell broadly tumes- 
cent, anterior extremity less so. Medially on the dorsal margin is a 
proniinent tubercle, extending one-half the way across each valve. Sur- 
face smooth. From Bristol Center. 

Genus GONIATITES. 

34. GoniatiteB Astarte, u. sp. 
(Plate II, Figs. 9, 10.) 

Width, H ™™ ; thickness, 1 ™"*. The remarkable rotundity which this 
relatively great thickness gives to the shell gives it a peculiar form 
which is not represented elsewhere in the Devonian of New York. 
Volution^ two or three. Widely umbilicated. Septa simple, arising 
from the ventral suture with a low, backward curve, bending very 
gradually forward to a long, slightly rounded dorsolateral saddle, and 
turning thence abruptly to a sharp angular dorsal lobe. Ten or twelve 
septa in the first volution. Whorls depressed. Surface as far as known, 
smooth. This is quite an abundant form in the Bristol pyrite nodules. 

Genus ORTHOCERAS. 

35. Orthoceras Stebos, n. sp. 

(Plate II, Fig. 15.) 

I have but a single individual of this species, which measures 2J"*°» in 
length and J"™ in width. Surface marked by strong, evenly rounded 
annulated elevations, which are not always the same distance apart. 
These annulations and the interspaces are covered with extremely min- 
ute transverse linings, equally strong on both elevations and depres- 
sions. The shell widens somewhat abruptly at the body chamber. 
Septa not known. 

36. Orthoceraa Mephisto, n. sp. 
(Plate III, Fig. 2.) 

Shell measuring 3*""» in length and showing the body-chamber and 
eight air chambers. Shell smooth and evenly tapering from the body- 
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chamber. Septa at equal intervals. This is quite the couiiDonest Or- 
thoceras in the nodules and in its proportions suggest the Hamilton 
species, 0. exile H. 

37. Orthoceras Aamodeus, n. sp. 

(Plate HI. Fig. 3.) 

Length 1°^. A beautiful little species, presenting a form quite differ- 
ent from any other known Devonian Orthoceras in its relatively strong 
and evenly rounded annulations, which are marked by the finest longi- 
tudinal striations. No trace of septa visible. 

Genua PLATYOSTOMA. 
38. PlatyoBtoma Belial, u. sp. 

Width of shell across the body whorl less than 1*^™. Very depressed, 
three volutions visible. Body whorl large, flattened, and subaugulated. 
Aperture triangular. This minute shell is quite abundant at Bristol, 
and elsewhere, but so small that the drawings made of it have not been 
successful enough to justify publishing. 

Genns LOXONEMA. 
39. Lozonema (?) Moloch, n. sp. 

This shell is much rarer than the foregoing ; measures 3™™ in lengtl^ 
Imm jjj width across the body whorl. Whorls three or four. Its gen- 
eric characters are not certain, as the forms thus far met with are inter- 
nal casts. 

Genus MODIOMORPHA. 
40. Modiomorpha (?) Chemos, ii.sp. 

Length, 2"""; width, IJ™™. Beaks anterior, elevated over the hinge 
line, and apices appressed 5 anterior ligament pit short, posterior long, 
reaching nearly to posterior extremity of the shell. Surface marked by 
low, concentric ridges of growth. 

Genus SPIKIFEKA. 

41. Spirifera BelphegOFi n. sp. 

(Plate III, Fig. 13.) 

Ventral valve measures 6'"™ in its greatest width and 4J"™ from apex 
to anterior margin. Beak prominent, arched and incurved over the car 
dinal area. Hinge line 1^™"* long, or one-fourth tbe width of the shell. 
From the extremities of the hinge line the margins round gradually to 
the lateral extremities. Thesurface marked by 14-10 very distinct plica- 
tions, the strongest of which run almost to the apex. Medial sinus 
llHQad, measuring 1 h^^ on the anterior margin. The cast shows that the 
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cardinal processes are long, extending one-third the length of the shell, 
and are subparallel. . Dorsal valve elevated along medial fold, depressed 
on the lateral portions, with 10-12 elevated, radiating plications. Beak 
slightly elevated and closeb' incurved. I have only interior casts of 
these shells, the surface of which shows characteristic markings, which 
were probably also the markings of the exterior of the original test, as, 
wherever in any of these fossils from the pyrite the test has been pre- 
served, it is seen to be extremely thin and delicate. Both valves are 
marked with the finest radiating lines, which are equally strong on the 
plications and sinuses. This species is the largest from these pyrite 
nodules, and is not common. The figure shows the ventral valve ten 
times enlarged, but I have not been able to obtain a satisfactory draw- 
ing of the dorsal valve. 

42. Spirifera Pluto, n. sp. 
(Plate III, Fig. 12.) 

This is quite an abundant species, which differs from the foregoing in 
size and in several surface features. The ventral valve measures 3^™*" 
in diameter and 2^""" ft-om apex to anterior margin. Beak slightly 
arched and incurved, and the slope to the anterior nmrgin is very gradual. 
Medial sinus wide, angled at the bottom -and smooth, on each side be- 
ing eight or nine slightly angulated plications. Cardinal area low and 
short, and evenly rounding on the extremities to the anterior margin. 
Cardinal processes long, slightly diverging, between which lies a short 
mesial process. Dorsal valvo somewhat flatter, with a low medial fold 
and 5-7 radiating plications on either side of it. The surface of the 
shell shows no ornamentation. These shells will be discriminated from 
the foregoing species by their size, which varies but little. 

Genus LEIORHYNCHUS. 

43. Leiorhynchus (?) Hecate, n. sp. 
(Plate III, Fig. 14.) 

I refer to this genus the most abundant of these fossils. The shell is 
orbicular; width, 2"'"*. Veutral valve marked with a broad central de- 
pression running from beak to anterior margin, the bottom of which is 
somewhat flattened and divided into two low ridges by a central shal- 
low sulcus. On either side of the depression are to be counted five 
rounded plications, which become obsolete before reaching the beak. 
Beak elevated, ventricose, and arched over the hinge line. Area high. 
Dorsal valve more depressed, with a corresponding number of plications ; 
beak depressed. On the ventral valve, cardinal processes prominent, 
diverging. On dorsal valve mesial process discernible. Surface free of 
sculpture. 
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Genus CHONETES. 

Chonetes lepida. 
Chonetes lepida Hall. 

I have one specimen of this species from Bristol Center, the only pre- 
viously described species, to my knowledge, occurring in these concre- 
tions. This specimen measures 5°"™ wide and 3J™°* long, which is 
about the normal size of the shell as it occurs iu the Marcellns shales. 

Here is, thus, a fauna which is entirely in harmony with the charac- 
ter of the fauna of the Hamilton group, and yet entirely discordant with 
the fauna of the Genesee rocks which contain it. The question of its 
origin and the nature of the sea iu which it flourished, the reasons for its 
occurrence only with the pyrite segregations, and the possible effects of 
its environment upon it, are not easily to be determined. The extreme 
minuteness of the fossils enhances rather than lessehs the interest at- 
taching to them. The inclination which I had at first to regard them 
as only young, immature individuals of known species, wa« soon over- 
come by the thought that there are no fossils known in the group which 
could serve as adult forms to such embryos. On account of similarities 
in some features with species of the Hamilton shales, as those existing 
between Spirifera Btlphegor and S. Clintoni H.j 8, Pluto and 8, Tul- 
lia H. ; Orthocer<M Mephisto and 0. exile H. ; 0. Stehos and O. Thoaa H. 
and 0. nuntium H. There is also a temptation to assume that the 
fauna is an abnormal and aborted survival of the fauna of 4hose shales. 
It may be very probable that such was the origin of this fauna, but in 
assuming that the species have been in any degree aborted by their 
peculiar environment, it is necessary. to bear in mind the coexistence 
of Chonetes lepida in its normal full size. The nodules of pjTite con- 
taining the fossils are not infrequently quite isolated, and yet where they 
have been found to be most abundant, namely, in the gullies at Bristol 
Center, they occur in such a manner that though they are generally quite 
disconnected from one another, th^y can be traced for some distance 
lying in the same horizon and at perhaps a distance of a foot or two 
above or below a similar layer. In some instances the pyrite may be 
seen extending for a distance of several feet as a continuous lenticular 
mass an inch in thickness. 

These masses and nodules are not solid, compact pyrite, but are com- 
posed of little balls, strings, and twigs of pyrite, such forms as the con- 
creting mineral is apt to ai?sume, and among these lie the little fossils, 
all being cemented together by carbonate of lime and silica. On being 
digested in acid the parts become loosened and the fossils may be taken out. 

I think we may interpret these phenomena thus: This little asso- 
ciation of species, survivors of some old fauna, was peculiar to limited 
areas over the bottom of the shallow Genesee sea, where decomposition 
of organic matter was in ]>rogres8 on a large scale, by means of which 
the iron sulphate iu the sea water wa.s generally deoxidized. Every 
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change of location of these areas of decomposition carried with it the 
little fauna until a considerable thickness of the mud of which the Gene- 
see shales arp built deposited over and about these spots. But with 
this hypothesis we would expect that these species would have occa- 
sionally strayed into contiguous sediments, or have become entangled 
by them, though as far as my observation has gone this does not seem to 
be the case. Further investigation and study, however, is desirable in 
this direction. 

RESUlVIli:. 

Forty-three species constitute the described fauna and flora of the 
Genesee rocks of Ontario County Of these forty-three, twenty-eight 
have been added to the list as the result of these investigations, and 
there still remain in my possession a number of undetermined Pelecypoda. 
To this list we must add twelve species identified by other authors from 
the State of New York (eight of which are '^Conodonts," described by 
Hinde), and the number of known si)ecies stands at fifty -five. Eleven 
of these had pre-existed in the fauna of the Hamilton shales, viz. : 



1. PolygnaihuH duhius Hinde. 

2. Polygnathus jff Iff ceps Hinde. 

3. Ooniatites discoideus Hall. 

4. OoniatitCHCompIanaUt^ Hall. 

5. Styliolajissiirella Hall. 



7. Pleurotomaria rugulata Hall. 

8. Pleurotomaria Itys var. tenui- 

spira Hall. 
0. Chonetes lepida Hall. 
10. Chonetes setigera Hall. 



G. Tenta^ulites gracilistriatus HdW. | 11. Cardiolu retroHtriata v. Bnch. 
The following sixteen pass into the Nai»les shales: 



1 . Polygnathus duhlns Hinde. 

2. Prioniodus spicatns Hinde. 

3. Paleoniscus Devonicus n. sp. 

4. Ooniatites discoideus Hall. 

5. Ooniatites vomplanat'us Hall. 
C. Ooniatites Patersoni Hall. 

7. Orthoccras pacator llaW, 

8. Coleolus aciculum Hall. 



. 9. Styliola Jissurella HskW. 

10. Tentaculites gramlistriatus Hall. 

11. Lunnlacardiun fragile Hall. 

12. Cardiola retrostriata v. Buch. 

13. Melocrinus Clarlcei Williams. 

14. Lepidodendron primwoum Rog. 

15. Lepidod^ndron Oa^pianum Dn. 



I IG. Cyclostigina affine DskWHou, 

The following eleven, making, with the *^ Pyrite fauna," twenty-two 
species, remain peculiar to it, not passing, as far as known, beyond its 
limits: 



1. Dinicthys Newberry i u. sp. 

2. Ceratiocaris longicattdus Hall. 

3. Oomphocera^ manes Hall. 

4. Bellerophon striatus Ferussac 

and d'Orbigny. 

5. Leiorhynch us quad ri cos fa t us Van . 



G. Lingula spatulata Hall. 

7. lAngula cotwentrica Vanuxem. 

8. JHscina Lodensis Vanuxem. 
0, Calamites inornatus Dawson. 

10. Rachiopteris pinnata Dawson. 

11. Cladoxylon mirahile Unger. 

The Tra7isition Shahs. — The shales of the Genesee, properly so called, 
pass upward into a narrow band of strata similar to them in clastic 
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structure, measuring from 30 to 60 feet in thickness, and this bed 
I have previously^^ designated as the Transition Shales, intending 
thereby only to characterize them as strata containing a fauna which 
shows a well-marked transition from that of the Genesee to that of the 
Naples shales. These passage beds have more than a merely local de- 
velopment in Ontario County, as they extend westward through the 
county of Livingston to the Genesee River, especially well developed 
as a mass of slightly arenaceous, dark shale at Woodville, on Canan- 
daigua Lake and at Bristol Center. I have found the same at Hem- 
lock Lake, and indeed wherever it has been possible to find a profile 
showing the junction of the Genesee and Naples shales. The fauna is 
quite sparse and is a confmingling of species which in their best devel- 
opment are characteristic of both the overlying and underlying strata. 
Lunulicardium fragile H., a diagnostic fossil of the Genesee, is extremely 
abundant ; CoUolus aciculum H., which occurs rarely in the Genesee, 
but is very abundant and characteristic of the Naples shales ; Cardiolu 
retrostriata v. Buch, of the Naples shales, Oaniatites complanaius H., 
which culminates in the Naples shales ; Styliola fissurella H., common 
from the base of the Bhimilton to the base of the Chemung, but which 
culminates in the Genesee; Pleurotomaria capillar iaH.j of the Hamilton 
and Naples shales, and a Pleurotomaria of undescribed species, occurring 
in the Naples shales are all to be found, and this list, as far as known, 
constitutes the fauna of these beds. The small fauna is of such a mixed 
character that it cannot satisfactorily be referred to either the Genesee 
or the Naples shales, and yet on account of the predominance of Lunuli- 
cardium fragile and of the petrographical character of the beds it is better 
left under the Genesee epoch.'' 



>«Am. Jour. Sci., Vol. XXV, p. 120, 1883. 

"It is Decossary here to emphasize the fact that these fossils which are to be found 
in any or all of the horizous of the lower, middle, and upper Middle-Devonian do not 
lose their diagnostic qualities for the horizons in which they culminate on account of 
this wide vertical distribution. That is to say, that although Cardiola retrostnata 
occurs in the Marcellus, Hamilton, and Genesee rocks, it is extremely rare at those 
horizons, and although Croniatiies complanaiM is to be found in the Hamilton shales, 
it is not a common or characteristic fossil as it is^h the Naples shales. Lunuiicardium 
fragihh&B been found in the Naples shales, but it is very rare and is diagnostic of the 
Genevee, where it culminates. 
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THE PETROGRAPHIC AND PAIiEONTOL.OGIC CHARACTERS 

OF THE NAPIiES BEDS. 

TYPICAL EXPOSURES. 
[Those showing the bituminous beds are in italics.) 

1. In the town of Naples, the Parrish, Caulkins, Clarke, Snyder j Hartranft, Grime», 

and Tannery Gullies. 

2. In the town of South Bristol, the Cook^ Laphaniy Maxwelly and Walton Gallies. 

3. In the town of Bristol, the ''Blacksmith" and Randall Gullies. 

4. On Honeoye Lake the Brigga and Hamilton Gullies. 

5. In the town of Italy, Yates County, the Clark Gully and Whale's Back, on Canan- 

daigua Lake. 

6. On Cashaqua Creek, Livingston County, near the Shaker Settlement. 

7. In the town of SpartUf Livingston County, on the Delaware, Lackawanna and 

Western Railroad. 

8. On the Genesee River, below Mouut Morris, Livingston County. 

In the Report on the Geology of the Fourth District of New York, 1843, 
Mr. Hall described a series of shales, flags, and sandstones immediately 
overlying the Genesee shales, under the name of the Portage or Nunda 
Group, giving it this name on account of ''its superior development 
along the banks of the Genesee Eiver, in the district formerly included 
in the town of Nunda, now Portage." The term Nunda soon fell into 
disuse, and the Portage Group, as it has ever since been known, was 
subdivided into three parts, the first, at the base and immediately over- 
lying the Genesee, the Cashaqua Shale, so called "from its perfect de- 
velopment upon the Cashaqua Creek," in Livingston County, where, ac- 
cording to the description, it consists of a "soft argillaceous rock of 
a green color, rapidly crumbling on exposure aud forming a tenacious 
clay." At other localities the rock consisted of '^ a green shale, with 
thin flagstones and interlamigated sandy shale," The second subdi- 
vision was the Gardeau Shales aud Flagstones, so called "from their 
great exposure nlong the Gardeau Reservation." The rocks here con- 
sisted of " alternations of green slaty and sandy shale with black slaty 
shale, and one or two thin courses of sandstone occurring in the space 
of 4 or 5 feet. As we ascend the arenaceous matter increases in quan- 
tity, the layers are thicker and more numerous, and the shale forms 
distinct alternations of black and green, often many times in succession, 
within the space of 50 feet. Toward the upper part the courses of sand- 
stone become too thick for flagstones, and the shale is in thicker masses 
than below." The third subdivision was the Portage Sandstones, de- 
scribed as thick bedded sandstones, with occasional alternations of shale 
toward the base. 
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To the entire Portage group, including these three subdivisions, a 
thickness was ascribed of not less than 1,000 feet along the Genesee 
Kiver. More recently Mr. Flail" has written that the black slates of 
the Genesee are " succeeded by a green or olive slate or shale, followed 
by successive alternations of black and greenish shales, and alternately 
shales and flagstones, and finally hiavy bedded sandstones with inter- 
mediate arenaceous shaly partings. « The Genesee slate has been re- 
garded as constituting beds of passage to the next formation, known as 
the Portage group, and this, as well as the succeeding shale, carries a 
few fossils, which are likewise known in the Hamilton group. The en- 
tiic formation, consisting of shales and sandstones, and ha\ ing a thick- 
ness of a thousand feet or more in Central New York, diminishes like 
other strata in a westerly direction. On the shore of Lake Erie it has 
become a succession of green and black shales and sandstones, with 
here and there a lenticular mass of heavy-bedded sandstones, with 
abundant concretions and not infrequently with lenticular masses of 
calcareous matter.^ 

This entire Portage group is now regarded by Hall and Dana as 
constituting the earlier epoch of the Chemung period. 

In Ontario County the entire series of Portage strata is ver>' per- 
ivctly develoj)ed, n^aching a thickness of between 800 and 1,000 feet, 
with matiy fine exposures; and from my study of its development here 
and in the adjoining counties of Livingston and Yates I present in what 
follows, my evidence for regarding the Portage grou]>, as it is now 
limited, as a heterogeneous combination of faunas, the earlier of which, 
that contained by the Cashaqua Shales, and the Gardeau Shales and 
Flags, belongs with the fauna of the (lenesee Shales, and the later, that 
of the Portage saiuUioiies, to the beginning of the Chemung period.'^ 

The order of succession of these strata in Ontario County is as fol- 
lows: 

1. Si)ft olive green and grayish shales, with occasional thin flagstones. 
Thickness, front 10 to 15 feet. 

2. l>lark, very bituminous, shales, at the base easily cleavable into 
large cilate-like fragments, higher up much more compact and like the 



'«Pal. N. Y., Vol. V, Pt. II, p. ir>l, Ihll). 

'"The ttrm Naples IJuds or Xa])le8 ^^halrs, by which I have htTe proposed to 
<lesii;j:natc the Ca>lia<|na and Gnrdeaii Kciies, is used advisedly and in accordanco 
with the precedent of adopting local names for I'ornial ions. My nnwillingness to dis- 
card hiMtorie names le«l me to attempt uniting the two iiamos C'ashaqna and Gardeau 
into Cashaqua-Ganlran (ironp (inasmuch as there seems no i>alcouiological evidenci^ 
lien» for the M«*parHtit)ii ni' tin* two), hut so uncouth and unwieldy a name was sui- 
cidal, and I liave Nuh>(ituted for it the term Naples lieds, from the town df Naples, 
Ontario County, where the sections are very i)erfect, and where the beds have been 
most carrfully studied. The author does not m»!an to assume, in the absence of 
complete (^vidonce, applicability for this subdivision outside of the district here dis- 
cussed. 
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densest layers of tbe Genesee. Thickness, about 40 feet. Tins layer I 
have termed the Lower Black Band. 

3. Alternations of greenish and drab, soft shales, with sandpr shales 
and occasional flagstones, and with abundant spheroidal and fantasti- 
cally-shaped calcareous concretions, sometimes occurring in layers, often 
isolated. Thickness, not less than 150 feet. 

4. Black shales, in places quite bituminous; the Upper Black Band. 
Thickness, from 5 to 10 feet. 

5. Flagstones, and at the top heavier-bedded sandstones with occa- 
sional alternations of sandy shales. Thickness, about 150 feet. 

This thickness includes all the rocks, as far as it is possible to judge, 
which were ascribed by Mr. Hall to the Cashaqua and Gardeau subdi- 
visions, and it is quite possible some of the strata which under his classi- 
fication belonged to the Portage sandstones. It was naturally difficult 
to assign definite limits to these subdivisions, as they constantly vary 
in thickness in passing from east to west, and in a great thickness of 
conformable shales and sandstones it is often quite impossible to draw 
fixed planes of division. 

This series of strata carries us to the lowest horizon of the Chemung 
rocks, that is, to the horizon of the first fossils which belong to the 
Chemung fauna. The separation of Cashaqua and Gardeau strata is 
not a good one petrographically, as the entire series of strata from the 
top of the tratisition shales to the base of the Portage Sandstones shows 
only a gradual, though regular, transition from the slialy sediments below 
to the sandstones above. 

In the order of succession given, the shales included in subdivision 1 
contain Cardiola retrostriata in great abundance, Gonlatites complanatus^ 
Lunulicardium . acutirostrum^ L, ornatum^ Cardiomorpha suborbicularis. 
In subdivision 3 the softer shales contain the same species, and a large 
number of others. Indeed, it is here that the fossils of the group, never 
very abundant, have been mostly found. One may search, as Mr. Hall 
has said, an entire day in these rocks and find nothing or but very lit- 
tle, and though some 8i)ecies are very widely distributed and in places 
quite abundant, e. g.j those just mentioned, the entire group is to be re- 
garded as coaaparatively barren of organic remains. At the beginning 
of these investigations only twenty-one species had been described from 
the Portage group, a number which is now increased to seventy-four. 

The Bituminous Shales. — These beds, which occUr in two fairly-well de- 
fined'horizons in Ontario County, as the Lower and Upper Black Bands, 
retain their persistence into the county of Livingston, the Upper Band 
being finely developed in the township of Sparta, along a cutting on 
the Delaware, Lackawanna and Western Hailroad, and also 1^ miles 
south of the Shaker Settlement on Cashaqua Creek. Further west they 
lose their persistency and become a series of thin beds alternating with the 
greenish shales and flagstones. The Lower Band has afforded but very 
few fossils, some undetermined ganoid scales from Snyder Gully, in Na- 
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pies, with Ooniatites Chemungemift H. var. In the same strata, at Bristol, 
I have found Spathiocari^ EmersoniClsirkej and some undetermined piac- 
oderm olates. The Upper Band is somewhat richer in organic remains, 
and has afforded from Naples, S. Emersoni Clarke, Polygnathm dubitus 
Hinde, Prioniodus spicatus Hinde, P. erraticus Hinde. These species of 
Oonodonts are comparatively abundant in Kaples, at the foot of Hatch 
Hill, where they are associated with large quantities of vegetable re- 
mains, apparently the stipes of ferns, and accompanied with very much 
pyrite. They also occur at Sparta, in the same horizon. At Sparta 
occur also the following : 

Paleoniscus Devonicu^y n. sp. 
Acanthodea pristisy n. sp. 
Lepidodendron primcevum Rogers. 
L. Oaspianum Dawson. 
Cyclostigma affine Dawson. 
Sporangites Huronensis Dawson. 
Various undetermined fish remains. 

The Ooniaiite Concretionary Layer. 

This is an unusually interesting stratum, which lies at an elevation of 
about 150 feet above the top of the transition shales. It is largely cal- 
careous, with a considerable intermixture of silica and alumina, and 
a freshly-broken surface shows compact, evenly-grained structure, like 
phthanite, gives a dark or sometimes bright red color mixed with con- 
siderable green, and passing usually at the surface into a light gray. 
In Parrish Gully, Naples, CO feet above the first outcrop at its entrance, 
where is to be found the best exposure of the rock, the stratum which 
has been denudetl of its overlying shales by the water of the gully- 
stream shows the peculiar surface of a concretionary la^er, looking as 
though it had been kneaded, and where the shales overlie or underlie 
in the adjoining banks it is noticeable that they conform to this irreg- 
ular surface. This concretionary tendency was so general at the time 
of the formation of the layer that the stratum itself is to be regarded 
as a concretionary mass, rather than a mass of concretions. From 
Parrish Gully it can be tracked southward to Caulkins Gully, and on the 
opposite (west) side of the Naples Valley Mr. Luther has observed it in tfie 
Clarke Gully. In all of these outcrops the rock retains its characteristic 
color, contains considerable pyrite, but in its distribution loses some- 
what of its silicious character and becomes more readily separable into 
the individual concretionary masses of which it is composed. The rock 
is extremely tough and hard to work, and plays havoc with hammers 
and chisels. The layer has a thickness of 8 inches or a foot, and is 
immediately overlain by a bed of soft shales with a thickness of 4 feet, 
filled with separated concretions molded into a great variety of fan- 
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tastic shapes, and which when broken show often the red and green 
tints of the layer below.. These peculiarities of color and structure in 
these layers have not, as far as 1 know, been noticed elsewhere in the 
American Devonian, but they are very forcibly suggestive of the red- 
dish, greenish, and grayish concretionary Kramenzelkalk of the Rhine 
Provinces and Westphalia. This similarity is so marked that a person 
familiar with both the New York and the German rocks might easily con- 
found hand specimens without fossils, from the different countries. Espe- 
cial emphasis is to be laid upon this resemblance on account of the na- 
ture of the fauna which this Naples formation contains. It is indeed 
insignificant in its development compared with that of the Kramenzel- 
kalk or of the Goniatitenschichten, but nowhere above the Marcellus 
shales of the lower Middle-Devonian are Goniatites so abundant as here. 
This is an abundance in individuals and not in species, but nowhere in 
the Upper Devonian of America are Goniatites to be regarded a« abun- 
dant fossils. Here occur the species Goniatites Pateraoni H. (cf. 0. intum- 
escens Beyr.), 0. discoideun H. (cf. G. simplex v. Buch), and G. simiosus 
H., in comparatively great abundance and generally having served as 
nuclei for the concretionary masses. These features have a marked 
bearing upon the parallelism of the American and German Upper Devo- 
nian, and it seems e\ident that the same environment which produced 
in Germany the Flinz and Knoteukalk of the lower Upper-Devonion 
and the Kramenzelkalk of the higher Upper-Devonian produced this 
concretionary layer also in the upper portion of the lower Upper-Devon- 
ian in New York. Recently F. Roemer has noted {Zeitsch, d. deutsch. 
geolog. GeselLj Vol. XXXI, />. G59) the occurrence in Lower Dunscombe, 
Devonshire, of a slight development of a Nierenkalk with Goniatites 
intumeficens and other fossils occurring in the fauna of the Goniatiten- 
schichten, a fact which bears out the supposition that we may have here in 
New York the remotest westward extension of the Goniatitenschichten. 
This layer contains the following fauna : 



1. Goniatites discddeus ^9M. 

2. G. Patersoni EqU. 

3. G. simiosus Hall. 

4. Orthocera^ pacator Hall. 

5. Coleolus aciculum Hall. 
G. StyUola fissurella Hall. 



7. TentaeulitesgraoilistriatusHM. 

8. JEtwmphalus planodisous Hall. 

9. Loxonema Noe n, sp. 

10. Platyostoma minutissima n. sp. 

11. Cardiola retrostriata v. Buch. 
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REVIEW OP THE FAUNA AND FLORA OF THE NAPLES BEDS. 

PISCES. 

"CONODONTS." 

In the present state of our knowledge of these bodies it is not possi- 
ble to assign them an exact position in a zoological classification. The 
original species early described by Pander from the Lower Siluriau of 
Knssia were regarded as the teeth of minute fishes, a conclusion which 
has been supported by Newberry, Hinde, and Nicholson. Similar 
bodies from the Lower Silurian have been regarded by Harley (Quar. 
Jour. Geol. Soc., Vol. XVII) as the spinous attachments of crustacean 
segments. Hinde, James, and, earlier, Grinnell have described allied 
forms from the Silurian and Middle Devonian as teeth of annelids. 
The microscopical study of the structure of these bodies by Hinde 
(Quar. Jour. Geol. Soc., Vol. XXXV) makes it probable that, as far as 
the species here mentioned are concerned, they are correctly rcCerred 
to the Myxinoid fishes. 

Genus POLYGNATHUS. 

1. Polygnathus dubius. 

PolygnathuH dvhius Hinde, Quar. Jour. Geol. Soc, 1879, Vol. XXXV, p. 
362, PI. XVI, Figs. G-18. 

Individuals of this species occur quite abundantly in the Upper 
Black Band where it outcrops on Hatch Hill, iir Naples, overhanging 
the banks of the Naples inlet, and occasionally in the same horizon in 
the town of Sparta, Livingston County. They are associated with large 
quantities of vegetable remains, presumably the stipes of ferns, and 
much pyrite. My material shows forms agreeing with some of the re- 
markable variations of the species as figured by Hinde, but are confined 
to those he has designated as pectinated and fimbriated teeth. The 
crested variation has not as yet been observed. The individuals mean 
ure from 1 to 2™"^ in length. . 

Gonus PRIONIODUS. 

2. Prionlodus erraticus. 

Prioniodns erraticus Hinde, Quar. Jour. Geol. Soc, p. 359, PI. XV, Fig. 14. 

This species is marked by the comparatively greater distance between 
the cusps than in the former, and several individuals in my possession 
from Hatch Hill agree well with the description. 
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3. Prioniodus spicatus. 

Prioniodv^ spicatus* Hinde, Qaar. Jour. Geol. Soc., p. 361, PI. XVI, 
Figs. 1-3. 

A single individual shows the strong terminal cusp extending below 
the base of the tooth, which characterizes the species. 

These **Conodonts,^ although known from various horizons from the 
Lower Silurian to the Carboniferous, have not been before noticed from 
this. 

Genus PALiEONISCUS. 

4. PalaeoniscuB Devpnious, n. sp. 
(Plate I, Figs. 2-6.) 

Numerous specimens of individuals referable to this genus have been 
obtained from the railroad cutting through the bituminous layers in the 
town of Sparta. These are usually fragmentary, but one individual 
retains most of the body in place though the bones of the head have 
been displaced and scattered and the tail is somewhat crushed. The 
animal was originally about IS'''" in length. The cranial bones, which 
are found abundantly scattered through these layers, though not as yet 
found in juxtaposition, with the exception of those represented in Fig. 
6, are characteristically marked by punctate incised lines which run 
along the greatest diameter of the bone, occasionally, as in Fig. 5, radiat- 
ing from the most convex portion of the plate. It is quite probable that 
the plates in Fig. 6 represent the parietals, Figs. 4 and 5 the frontals or 
squamosals. Associated with these bones are many minute, shining, 
somewhat flattened, conical teeth, measuring J-l""* in length. The 
scales, except those on the dorsal ridge, are IJ*""* long and 5™™ wMe, 
subrhomboidal in outline and very beautifully sculptuied with strong 
elevated striae, which take their origin at the upper forward angle and 
pass obliquely across the scale, the forward edge presenting the ap- 
pearance of being strongly tucked. These elevated striae become very 
much stronger at the i>osterior edge, and in this region, the upper por- 
tion of the scale being left free of strife, shows strong punctate markings. 
These pittings are also to be seen in the furrows between the striae on 
the anterior portions of the scale. 

The median dorsal scales are large, spatulate in form, measuring 3^ 
in width anteriorly, and narrowing backwards to 1^"*™; length 4 
Surface strongly punctate. Dorsal fin, somewhat posterior. Ventral 
and anal fins not well preserved. 

A single scale of this species I have also from the Genesee shales at 
Glenville, Honeoye Lake, which brings the first appearance of this 
species to a still lower horizon. 

Scales of Palwoniseus have been mentioned by Hinde^ from the Gene- 
see shales of North Evans, Erie County, and Dana^^ has noticed the oc- 



mm 
mm 



»Quar. Jonr. Geol. Soc, Vol. XXXV. «' Maunal of Geology, 3d ed., 1880, p. 275. 

(75) 



42 HIGHER DEVONIAN FAUNAS, ONTARIO CO., N. Y. [bull. 16. 

currence of PaJteoniscus in tbe Black shales of Kentucky, a horizon 
which corresponds to the Genesee shales of ISTew York, bht I have no 
knowledge of the description of the species. * 

P. Devonians is, I believe, the first species of this genus described from 
Devonian rocks. 

Geuus ACANTHODES. 
5. Aoanthodes (?) pristis n. sp. 

I refer to this genus a specimen from the same locality as the pre- 
ceedingj the description of which is justified, although the specimen is 
fragmentary, because of the extreme scarcity of icthyic remains in these 
rocks which are well enough preserved to allow of identification. The 
specimen consists of a large portion of the body of the fish, the head and 
tail being lost. The scales are very small, measuring 0.5"'"' on the edge, 
square or slightly subrhomboidal in outline and one fourth as thick as 
wide. The adjacent edges at about two-thirds the distance from the 
upper surface are strongly grooved by a single deep furrow. The upper 
surface of the scales is smooth and slightly convex. In the character of 
its scales the species stands in harmony with the genus Acanthodes^ 
though it is impossible to determine its generic relations definitively 
>vithout knowing more of its fins and head. 

Gonus PRISTACANTHUS. 

Pristacanthus Agassiz, Poissons Fossiles, Tom. Ill, p. 35, Tab. Villa, 
Figs. 11, 12, 13. 

This genus was founded by Agassiz to include a peculiar spine from 
the Sionesfield Oolite and the Calcaire de Caen, which ^^as described 
under the name P. securis. From the original diagnosis the following 
are found to be distinctive features: 

1. The very thin and fragile substance of the spine. 

2. Absence of any ornamentation of the surface beyond a very fine 
granulation. 

3. The serrate character of the tooth-like lateral processes, which oc- 
cur only on one side of the spine. 

From the upper portion of the Naples shales, near Milo, Yates 
County, I have a single spine which agrees with this genus in the first 
two particulars, but the lateral tooth-like processes are not so evenly 
serrate as in the original species. 

It agrees, however, as far as I am aware, with no described genus so 
well as with Pristacanthus^ and, in the opinion of Dr. Newberry, to whom 
the specimen was submitted for examination, may be safely placed under 
this geuus. 

6. Pristacanthus vetustus, n. sp. 
(Plate I, Fig. 7.) 

A fragment of a s[)ine measuring 70'""' in length, 8"'"' in width at the 
distal extremity. The posterior edge is somewhat broken away, but it 
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appears from the portion that remains uninjured that the spine tapered 
very gradually from base to apex. 

The anterior edge^bears fourteen serrations, which are stronger at the 
proximal edge. These have a strong backward bend, the upper edge 
cur\ing evenly outward and downward and meeting the lower edge at 
an angle of about 60^. The lower edge meets the margin of the spine 
at nearly a right angle. Substance of the spine exceedingly thin, meas- 
uring scarcely 0.02"»", except at the extremities of the serrations, where it 
thickens to 0.5°"". The surface of the spine is smooth and almost flat, 
showing under a glass fine granulations or minute pustulations. This 
is the only example of the species I have seen, and represents the first 
occurrence of this genus in Paleozoic rocks. 

A large number of undetermined scales and i)late8 of fishes from the 
bituminous layers at the Sparta railroad cutting are in my possession. 

ANNELIDA. 

Genus SCOLITHUS. 
7. Scolithus verticalis. 

Scolithus verticalis Hall; Fucoides verticalis Hall. 1843, Geol. I^ Y., Sur- 
vey Fourth Geol. Dist., p. 242. 
Scolithus verticalis Hall, 1852, Pal. N. Y., Yol. II., p. 242. 

In the upper sands of the INaples shales and also in the higher sand- 
stones of the Portage beds this fossil is quite abundant. I regard it as 
the tubular boringof some annelid rather than the remnant of vege- 
table life, as the tubes usually show evidence of having been filled from 
the top by sediments which, in being carried into the cavities^ has ar- 
ranged itself in successive concave layers. Such-worm borings occur in 
various horizons in Paleozoic rocks. Mr. Hall applied the name Sco- 
lithus verticalis to similar tubular borings from the Medina sandstone, 
and as there exists no appreciable difierence in the appearance of these 
simple tubes I use the name lor the Nai)les shales specimens instead 
of retaining the doubtfully valuable generic term Fucoides, 

CRUSTACEA. 

GeniiH CERATIOCARIS. 

8. Ceratiocaris simplex, n. Hp. 

iPJate II, Fig. 2.) 

The fossiliferous shales immediately underlying the concretionary 
limestone of Parrish Gully have afforded three si)ecimens of this species, 
the most clearly defined of which is shown in the figure. The carapace 
is somewhat oval in outline. At its anterior extremity it shows a retral 
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aDgalar not<3h, above wliicli is a sli<(ht prolongation in the median axis. 
The dorsal and ventral edges show a well-defined margin, which is. 
somewhat thickened, giving a noticeable rim to the carapace. Cara- 
pace convex, rising more abruptly from the dorsal margin and deflected 
gently to the ventral edge. No ocular node visible. Length of the 
carapace, figured, 30™°»; greatest width, somewhat anteriorly, 10* 



inuu 



9. Ceratiocaris Beecheri^ n. sp. 

(Plate II, Fig. 1.) 

From the shales of Gashaqua Creek, Livingston County, I have one 
individual showing three abdominal segments and the caudal spines. 
These are apparently too large to refer to the foregoing, species, and as 
1 have not as yet observed the body-segments in the layers in which C. 
timpJex occurs, it is necessary to regard this form a distinct species. 

Of the segments here preserved the first has been somewhat detached 
from its neighbor and its anterior a little broken away. What remains 
measures 6™*" in width and 3-4"'"» in length. The next segment is nor- 
mal in its proportions, is 8""" in length and 5 in width. The caudal 
plate is 4"'™ in length and snbtri angular, from the extremity of which is 
prolonged the strong central caudal spine. In the specimen this spine 
has been flattened horizontally and been given thus an apparently 
greater width than the lateral spines, which have been laterally com- 
pressed. The width of this spine across the proximal end is 3™"*, that 
of the left lateral spine 2*""^ and its length 12""". A strong medial ridge 
passes along the middle spine, taking its origin 1'""' from the edge of the 
caudal plate, where it is quite strong, and continuing through the entire 
length of the spine Jis far as visible. The left lateral spine also shows 
evidence in the external margin of such a medial ridge. The substance 
of the spines is vtTy delicate, but shows the characteristic pseudo- vas- 
cular markings of these Crustacea. Of the right lateral spine but a 
small portion remains, and the insertion of these lateral spines upon the 
caudal plate is not visible. The first two segments show, on account of 
the flattening to which they have been subjected, no trace of ornamen- 
tation except at the angles of the segments a low inconspicuous tuber 
cle, two on the first segment and four on the second. 

I take pleasure in giving to this species th • name of Mr. C. B. Beecher, 
of the New York Geological Survey. 

Genus ECHIN0CARI8. 

Echinocaris Whitfield, Am. Jour. Science, 3d ser., Vol. XIX, No. 100, 
p. 34. 

This genus was erected in 1880, in the place cited, in a paper On 
New Forms of Fossil Crustacea from the Upper Devonian Rocks of Ohio, 
and was made to include a series of forms belonging to the Ceratiocar- 
idse, one of which at least (-£/. armatus H.) had been previously described 
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as Ceratiocaris, These differ from Oeratiocaris in tbe peculiar pastnlose, 
nodose, and ridged character of the oriiameutatiou of the carapace, 
the Duinber of abdominal segments (4 known in EchinocariSy 5 or 6 in 
Ceratiocari8)j and the spino^ attachments to the latter. The author of 
the genus has describe<l three species from the Erie shales of Ohio, a 
horizon which probably parallelizes with the Naples shales. 

10. Echinocaris Whitfieldi, n. 8p. 
(Plate II, Figs. 3 and 4.) 

Carapace with a straight hinge-line extending two-thirds its length, at 
the posterior extrem ity of which the margin is abruptly deflected at almost 
right angles. Ventral margin with a suboval curve rounding abruptly 
posteriorly and less so anteriorly. Kostral region somewhat produced, 
posterior extremity truncated. The margin on all sides marked by an 
elevated rim, most prominent on the ventral and dorsal portion. The 
surface is marked by tine tubercles, which are principally grouped about 
the cephalic portion. Six or seven quite strong elongate pustules mark 
the position of the anterior tubetcle, below and behind which lie a num- 
ber smaller and indefinitely scattered, with the exception of three or four, 
^hich make a vertical row behind the anterior tubercle, as shown in Fig. 3. 
Near the posterior dorsal angle, on tlie dorsal margin and at the pos- 
terior ventral angle, are three isolated single pUvStules. A well-marked 
but short ridge is found on the anterior portion running parallel with 
the anterior margin, and further backwards on the carapac*^ are a few 
low ridges lying in the circumference of a circle, about and within 
which the finer sculpture is concentric. Under a glass the surface 
shows very fine and delicate scaly markings. The same fragment of 
shale which contains the carapace affords also the specimen of the 
caudal plate and spines shown in Fig. 4. 

The telson consists of a subtriangular ciiudal plate, which is pro- 
longed into a middle spine. To the underside of the plate the two lat- 
eral spines are jointed, although the left lateral spine is lost. Of the 
spines the middle one is the shortest and stoutest ; all are marked with 
A alight ridge along the center, and both tiiey and the caudal plate are 
ooveired with comparatively strong tubercles. 

Hke carapace measures 27™'" in length and 16"^"» in width. 

From the shales of Hatch Hill, Naples. 

Genus SPATHIOCARIS. 

Hf^ihioearis Clarke, 1882, Am. Jour. Sci., 3d ser., Vol. XXllI, p. 477, 
Plate. 

This genus was founded to include some crustacean shields, allied to 
JMatimoearis Woodward, characterized by their oval-elliptical outline, 
igular anterior rostral opening, and lack of a dorsal sutur^^A^A 
lAoeely sioiilar to Woodward's genus Cardiovaris ; indeed^^^^^ 
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from it only in Laving the posterior margin roanded instead of very 
faintly notched. In a later pablication^ on these Crustacea I gave my 
reasons for regarding the genas Cardiocaris^ which was proposed subse- 
quently to Spathiocaruj as in part at least identical with it. *The com- 
mittee, consisting of Mr. K. Etheridge, Dr. H. Woodward, and Professor 
T. Rupert Jones, appointed by the British Association for the Advance- 
ment of Science to report upon the classification of the Fossil Phyllo- 
poda of the Paleozoic Hocks, have not admitted*^ the identity of the two 
genera, but have taken from each and placed elsewhere some of the 
original members of each genus, so that Spathiocaris is regarded by 
them as represented by two species, S. Emersoni Clarice and 8. unguUna 
Clarice. 

The diflferencfs in the genera Discinocaris, CardiocariSj and Spathio- 
carta are so slight that I willingly concede the rearrangement by the 
committee of the species described by me from the Upper Devonian of 
Bickeu, viz., S, (Disciuocaris) congener^ 8, ungulina, 8. (Cardiocaris) 
Kocnenij Cardiocaris (Disciuocaris) Ic^ta H. Woodward. Objections have 
been made to the classification of any of these forms of the Discino 
carida with the Crustacea. Among the earlier observers Keyserling 
and F. A. Koemer, and at the present Dames, Kayser, and perhaps 
others, have regarded them as a whole or in part as having had some 
organic connection with the Cephalopoda, with which they are sometimes 
associated. My description of the species occurring at Bicken called 
forth a vigorous reply from Professor Dames,'-^^ whose arguments have 
been sufficiently answered by subsequent writers upon the subject.** 

11. Spathiocaris Emersoni. 

Spathiocaris EmerHoni Clarke, Am. Jour. Sci., 3d ser.. Vol. XXII i, p. 
47(), Plate, Figs. l-:3. 

This species is the only well defined fossil known to me from this dis- 
trict which passes Iroiii the lanna of the Naples shales into that of the 
Chemung group. I have already quoted the species from the following 
difterent horizons (Am. Jour. Sci., 3d ser., Vol. XXV, p. 120): 

1. In the lower black band of Bristol. 

2. About 150 feet above the transition shales of the Genesee in the 
town of Naples. 



^'^IJebcr deiitscbe obordovonisrhi^ CnistacctMi, Njuos Jabrhuch, 1884, Vol. I, p. 178. 

••♦2d Report at the Montreal un'ctiujXi SepttMiiber, 1HH4. 

-^Seo also Dames in Nones Jabrbncb, 18^5, Vol. I, pp. 275, 279. 

-•'See von Ko<»nen, Nenes .labrbucb, X^^A^ Vol. I, pp. 45, 4(). 

Report of tbe coniniittee, consistinj; ot Mr. H. Etb(Tidf;e, l^r. H. Woodward, and 
Prof. T. Rnpert Jtnies (secretary), on the Tossil Pbyllopoda of tbe Paleozoic Rocks. 
18-3, p]). 2, W. 

Jones and Wo<Kl\vard, GeoIu«^ieal Ma«;., Dec. Ill, Vol. I, No, 8, pp. 348-356. 1884. 

Second Report of tbe Committee on Fossil Pbyllopoda. 1884. 

A. S Packjird, jr., A MonogTajdi of N(n-tb American Pbyllopod Crustaceft. 1883, p. 
451. 
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3. At approximately the same horizon in the town of Eiehmond. 

4. Ill the upper bUiek band, 540 feet above the transition shales, Na- 
ples. 

5. At nj)proxiniately the same horizon 1 J miles sonth of the Shaker 
Settlement, along Cashaqua Creek, Livingston County. 

i». At approximately the same horizon in the Delaware, Lackawanna 
and Western Haiiroad cutting in Sparta. 

7. In the shale.-s immediately overlying (4). 

8. In the Portage sandstones at Portageville, Wyoming County. 
1). In the lowest stratum of the Cliemung, Naples. 

10. In the sandstones of the Lower Chemung, in the town of Cana- 
adice, Ontario County. 

CRUSTACEAN TRACKS. (?) 

Twenty-five feet above the first outcrop of the Naples shales in Par- 
rish Gully occurs a bed of sandy gray-greenish shales which are filled 
with peculiar impressions unassociated with any traces of organic mat- 
ter. These are usually 2 or 3 inches in length, and consist of two rows 
lying si<le by side, of little concavities, each concavity measuring 2°*" 
in diameter. Tliey suggest the Neritoides, described by Richter,^ 
from the sandy shales of the Lower Devonian of the Thuringian Forest, 
although they arc always much shorter than the European specimens. 
These seem to me to be thercvSultof the wallowingof some crustacean, such 
as wo may assume would be made by the known crustaceans of these 
rocks, not as they crept along over the soft mud of the sea-bottom, but 
in coming to a position of rest Irom swimming. A slight, constant vi- 
bratory motion of the appendages would produce such impressions in 
the mud. These markings I have found higher in these shales, as in 
the Tannery Gully in Nai)les, but they prove to be most abundant iu 
the lower outcrops. 

CEPHALOPODA. 

Genus GONIATITKS. 

Type of Goniatites simplex vou Bucb. 

12. Goniatites complanatus. 

Ooniatites contplanatvs Uall, 1843, Geol. N. Y., Survey Fourth Geol. Dist., 
1879. Pal. N. Y., Vol. V, Pt. II, p. 455. 

This species, which is very abundant an(l characteristic of these 
shales, occurs with considerable variation of size. From the thin flag- 
stones of the u])per portion of the beds I have some large individuals 
measuriiijr 10"' in diameter, but the usual forms in the shales are much 
smaller, avera<i;in<4 about 25""", the smallest noticed having a diameter 



«Be)trag z. Faltiou. d. Thuring. Wald., p. 48, Taf. Ill, Figs. 42-44, 
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of 4"^. Specimens well enough preserved to show any trace of the 
septa are difficult to find, and I have^ not as yet seen any snch from the 
soft, mnddy shales. A few specimens from the sandy layerfaretain these 
septal sat ares, thou^ without showing distinctly the character of the 
dorsal lobe. Hall has figured one ^ example showing in part, the char- 
acter of the septa, and my own specimens give this feature more per- 
fectly. There is a marked similarity in the character of these sutures 
and those of G. lamed Sandberger,^^ of the Cypridinen-Schiefer and Go- 
niatiten-Schichten. In the variety rugosus (Fig. 4) which is probably 
the young of some species like O. intumenscens^ the curves of the 
suture are quite the same. In the var. complanatus (Fig. 5) the lat- 
eral saddle is somewhat stronger, and the distance between successive 
sutures greater than in G. complanatus H. In this variety, however, 
there is a noteworthy agreement in the form of the shell itself. 

13. Gk>niatite8 discoideas. 

Goniatites discoideus Hall, 1860, Thirteenth Ann. Bep. K Y. State Gab. 
Nat. Hist., p. 97, Figs. 3-^6, ISft; Pal. N. Y., Vol. V, Pt. II, p. 441. 

This species, which has hitherto been regarded as characteristic of the 

Marcellus shales, I have found in the concretionary limestone of Parrish 

Gull J, Naples, and in the calcareous concretions on Honeoye Lake. It 

is a form in every respect comparable to G. retrorsus (=6. simplex v. 

Bnch), as figured by Sandberger,^ and Keyserling,^ in the character of 

the sutures, the non*umbilicated shell, and the nature of the surface 

markings. 

14. Goniatites uniangulaxis. 

Goniatites uniangularis Conrad, 1842, Jour. Acad. Natural Science, Vol. 
VIII, p. 2G8, PI. XVI, Fig. 4. 1879, Pal. N. Y., Vol. V, Pt. II, 
p. 444, PL LXXI, Fig. 14. 

A species which present^^ a little variation from the foregoing in its 
sutures, and which is quoted by Hall from the Portage; I have, how- 
over, seen no examples of it from Ontario County. 

Type of Goniatites intoinesoens Bey rich. 
15. Goniatites Patersoni. 

Goniatites Patersoni Hall, 1860, Thirteenth Ann. Kej). N. Y. State Cab. 
Nat. Hiist., p. 99, Figs. 0-10; 1879, Pal. N. Y., Vol. V, Pt. II, p. 
464. 

A somewhat abundant species in the concretionary layer of Parrish 
Gully and in the immediately overlying and underlying shales. I very 



'^'Pal., N. Y., Vol. V, Pt. II, Pl.X, Fi^.H. 

•^ Verstein. d. Rht-in. Schichten Syst. in Nassau, 18r>0-*5r>, p. 90, PI, VIII, Figs. 4-9. 

^^ Loc. cii. VI X, Fig. 15. 

^♦Eiiie ^eise in das Petscboraland, 184C, PI. Xll, Fig. 5, 
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much doubt .the advisability of retaining this specific name, as I am 
nuable to distinguish any differences between this species and Ooniaiitea 
intumesc^ Beyr., the most abundant Goniatite in the Upper Devonian 
of Germany. A study of a large number of these American and Eu- 
ropean -forms leads me to believe that whatever variation there may be 
in 0. Patersani from the typical forms of O. intumesoens as figured by 
tbe brothers Sandberger,'^ which indeed is very slight, there is a &r 
wider variation among the forms which are in Europe referred to this 
species. 

(Of. loc. oit, PL yn, Fig. 3. Boemer's Lethsa Palaeozoica, 1876, PI. 
XXXV, Pig. 10.) 

This similarity lies not alone in the diaracter of the suture as shown 
above, but also in the amount of umbilication and in the caliber of 
the shell. The-form from the Naples shales is never so carinate as in 
some of the European varieties, but agrees perfectly with the typical 
forms of the species. 

16. Oonlatltes bicostatiw. 

GoniaUtes bicostatus Hall, 1843, Oeol. N. T., Survey Fourth Geol. Dist., 
p. 246 ; 1879, Pal. N. Y., Vol. V, Pt n, p. 450. 

This species was referred by Ferd. Boemer and De Vemeuil {vide 
Sandberger, op. eit, p. 101) to O. retrarsus v. Buch. Mr. Hall (Pal. N. T., 
Vol. V, Pt II, p. 453) has noticed the similarity between O. bieostatus 
and some of Sandberger's varieties, as follows : ^* In the manner of its 
septa it is very closely similar to the variety lingua " ( O. nmplex v. 
Buch, Kayser ") ^^ and variety typtuP (the same) ^^ of Qiat species, while 
the variety undulatus^ ( G. undulatus Sandb., Kays.) ^*< represents the sur- 
face markings and the revolving carime." This is a rare species in the 
Naples shales. 

17. Oonlatitas ■Innosas. 

OonioHtes Hnuosus Hall, 1843, Oeol. K T., Survey Fourth Oeol. Dist., 
p. 244 ; Pal. N. Y., Vol. V., Pt. H, p. 460, PI. LXX, Figs. 13-15, 
PI. LXXIl, Fig. 11 ; PI. LXXIV, Fig. U. 

OcnioHtea {Olymeniat) Ifundaia Hall, 1875, Twenty-seventh Ann. Bep. 
N. Y. State Mus. Kat. Hist. 

In the closer parallelism of its sutures and the sinuous sculpture of 
the surface this species differs from 6. Patersoni* In its other features 
it is quite closely allied to it, and is not infrequently associated with it 
Occurs not uncommonly in the concretionary layer of Plurish Oully. 

» Zoo. cU., PI. VII, Figs. 1 and 2. 

»Zeit6oh. d. dentooh geol. GeselL, Vol. XXY, p. 090, 1872. 
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18. Oonlatitaii Lutheri, n. sp. 

' (Plate n, Fig. a) ^ 

Shell widely nmbilicated, more so than any species with which it is 
associated, not excepting O. complanatus. Septa nnmeroas and closely 
appressed, the individual figured having thirty-eight in the last whorl. 
The sutures are characterized by their very acute lobes and saddles. 
Ventral saddle very small, short and very slightly rounded, the two lat- 
eral lobes strong and acute. The lateral saddle very strong and acute, 
with its sides somewhat rounding. The dorsal saddle well defined and 
rounded, with a slight sharp carinal lobe. In the figured example the 
carinal i>ortion of the shell has been somewhat folded upward, giving 
an abnormally tliick margin to the shell. The septa are so closely 
crowded together that they are very nearly parallel to each other except 
at the apices of the lateral saddles, where the distance between them is 
somewhat greater than elsewhere. Surface markings are shown in some 
of the examples preserved in pyrito as finely incised, equidistant lines, 
curving gently forward over the lateral portions of the shell and more 
strongly forward as they near the dorsal surface. This is a very 
graceful species and quite distinct from any known forms belonging to 
the type of O. intumescena. Most closely allied to it is O.fareipifer 
Sandberger,^ the closely oppressed septa of which suggest O. Lutherij 
but there is a difference that is very marked in the acute lateral sad- 
dle and ventral lobe. This species I have seen in a few examples from 
the shales which overlie the concretionary limestone of Parrish Oully, 
and from Honeoye Lake. 

19. Oonlatites peraoutna. 

Ooniafiies peracutus Hall, 1879, Pal. N. Y., Vol. V, Pt. II, p. 463, PI. 
LXIX, Fig. 8. 

Suture characterized by the presence of but two instead of three sad- 
dles, as with t>ther species of the group of intumesoens-Uke forms. The 
dorsal saddle is also very acute. The species has been described from 
a fragment of the outer volution, and is "flx)m the Portage or Lower 
Chemung, at Ithaca, N. Y." I do not know the species from Ontario 
County. 

20. Ooniatitea complanatua, var. perlatua. 

Ooniatites complanatusj var. perlatus^ 1874, Descriptions of New Species 
of Goniatitida5, p. 1, HaU, 1879, Pal. N. Y., Vol. V, Pt. II, p. 458, 
:, PI. LXX, Fig. 12. 

This form varies from the original species in the greater distance of 
the septa from each other. Hall's example is ^^ from the lower beds of 
the Portage group at Homer, Courtland County, New York.'' I am not 
sure that I have seen specimens referable to this variety. 

''Op. cit., p 82, PI. VI, Fig. 3. 
(84) 
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Type of Goniatitas olavUobos Sandberger. 

O 

21. Ooniatites Chemungenais. Variety. 

Omiatitea ChemungenHs Hall, 1879, Pal. N. Y., Vol. V, Pt. 11. 

I have a single specimen from the very bitaminoas layers of the 
lower black band, in Snyder's Gully, Np-ples, which is the only de- 
terminable fossil, with the exception of Spaikiocaris JSmersoni^ that has 
been fonnd in these rocks. In its tuberculated whorls the specimen 
agrees with G. ChemungemiSj but differs from Mr. Hall's description of 
that species in the greater nnmber of these marginal tnbercnlatious on 
each edge of the whorls. It does not agree well with the var. cBqutcos- 
tatus Hall, and I do not attempt any farther identification of it. 

Genas ORTHOCEBAS. 
22. Orthooeraa paoator. 

Orthoceras paoator Hall, 1879, Pal. N. Y., Vol. V, Pt. H, p. 307, PI. 
LXXXIX, Fig. 16. 

The flattened condition in which this species i^ osnally found in the 
fossiliferous shales has not allowed any evidence as yet of the position 
of its sipho. It is by no means an uncommon fossil. 

23. Ortliooeraa aokniloidea, n. gp. 
(Plate II, Fig. 11.) 

Shell small, sides almost parallel. The specimen from which the fig- 
ure has been made is 10™°* long and I'"'" wide. It shows six septa which 
are remarkable for their unusual distance from one another. The first 
of the air-chambers measures 2'"°' in length, the second 2^"^, the third 
2J"", the fourth 3°", the fifth 3J"", the sixth is partially broken away. 
Siphunde and surface sculpture unknown. This little species is quite 
distinct firom any member of this genus in the Devonian fauna. Many of 
the individuals which had usually been referred to the species Orthooeraa 
adculwn Hall, 1843, and which show very plainly such distant septa 
and subparallel sides, may be, since the erection of that species by its 
author into Coleolus a^nculunij referred to 0. aoiouloides. The specimen 
figured is firom the lower shales of Gashaqua Creek. 

24. Orthooeraa Ontario, n. sp. 

(Plate in, Fig. 1.) 

This is a representative of the annulated Orthocerata, in which the 
annulations are relatively distant and consist of very narrow, low, and 
acutely angled elevations. The distance between them increases witli 
slight irregularities from apex to stoma, and the shell, which measures 
24em Jq length, bears thirty of them. These rings slope abruptly to the 
surface of the shell, making the interspaces generally quite flat. 
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In these interspaces where the sarface has been best preserved there 
is a fine scolptare of the test visible, consisting of minute, microscopic, 
longitudinal striations. Septa evenly transverse and regularly concen- 
tric Sipho simple, central. The original of the species was taken from 
the concretionary shales in Parrish Gully, Naples, is preserved in 
crystalline calcite, and its form is thus retained without the distortion 
which usually occurs in the Orthocerata from these shales. As yet I 
know of but this specimen. The longitudinal ridge represented in the 
figure is a line of the attached matrix, which has been made too promi- 
nent by the artist. 

25. Orthooeras filosum, n. sp. 
(PUteU, Figs. 12,13,14.) 

Oofif. Orthooeras oMguia Hall, Pal. N. T., Vol. V, Pt. II, p. 312, PL 
LXXXIX, Pig. 9. 

Shell tapering rapidly from stoma to apex. Test very thin and covered 
with finely indsed lines from f to 1^^^ apart. The nature of this sculp- 
ture is such that the surface of the shell is given an imbricate appear- 
ance. These lines pass about the shell in long, low undulatidhs, which 
are not parallel to the outline of the stoma. The septa and sipho have 
not yet been noticed. This Orthoceras is interesting te the only repre- 
sentatives in the Devonian to my knowledge of a group after the type 
of 0. 9oeium Barrande, the fonns quite characteristic of the Etage B. 

The peculiarity of the entire group is the thin test, undulating and 
imbricating concentric lines of surface sculpture, with no longitudinal 
markings. I have before me several examples of this species, one from 
Parrish Gully, Naples, one from Hatch Hill, one from Briggs' Gully, 
Honeoye Lake. 

GASTROPODA. 

Qenns BELLEROPHON. 
26. BeUerophon natator. 

Belleraphan expansust Sowerby, Hall, 1843, Geol. N. Y., Survey Fourth 
Geol. Dist., p. 244. 

Fhragmostoma natator Hall, 1862, Dec. new species of Fossils (Fifteenth 
Ann. Rep. N. Y. State Cab. Nat. Hist); 1876, Illustrations Dev. 
Fossils; not Phra^gmostoma nataUfr Hall, 1862, Fifteenth Ann. 
Bep. N. Y. State Gab. Nat. Hist., explanation of plate. 

Bellerophon natator Hall, 1879, Pal. N. Y., Vol. V, Pt. H, p. 108. 

Much confusion exists in regard to both the synonymy and the identity 
of this species. The original example consisted of a portion of the outer 
volution of the shell from the Portage (Naples) group, which was iden- 
tified by Hall in 1843 as BeUerophon expaneus t Sowerby. Subsequently, 
in the Fifteenth Annual Beport to the Begents on the Condition of the 
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State Cabinets, the species was regarded as the representative of another 
genus on account of the supposed evidence of a transverse septum within 
the bodj whorl, and was referred to the genus Phragmostoma (Hall, 
1861, Fourteenth Ann. Bep. N. Y. State Oab. Nat. Hist.) as P. natatar. 
To this description illustrations were accidentally appended of P. oym- 
bula H., of the Hudson River group {vide Pal. N. Y., Vol. V. Pt. II, p. 108). 
In the final review and description of the species, it is removed from the 
genus Phroffmostama on account of unsatisfactory evidence of the exist- 
ence of the transverse septum and relegated to the genus Bellerophan. 
In this connection Hall states that the original specimen from the Port- 
age, upon which the species was fouilded, was not accessible to him, 
and the species as illustrated by him in the Illus. of Dev. Fossils, 1876, 
and in Pal. N. Y., 1879^ is from a fragment out of the Hamilton shales. 
We infer, therefore, that examples of this species which have come into 
the possession of the State survey have been not only rare but very 
]>oorly preserved. I have found man y individuals in a very perfect state 
of preservation which agree, as far as may be, with Mr. Hall's descrip- 
tion of this species. As the description of the species has been from 
fragmentary specimens, it is difficult for me to pronounce definitely on 
the identity of the very abundant examples of my own with those of 
Mr. Hall, but the probabilities are quite in favor of it, as I find a close 
agreement between the description, as far as it goes, and my specimens, 
riall, in the final report on the Devonian Oastropoda, has also described 
a more perfect exnmple of the genus, very similar in its features, as 
shown both in the illustration, Plate XXVI, Fig. 14, and in the descrip- 
tion tp B. natatoTj which he has called B. explanatus. This is from an 
uncertain horizon, probably that of the Hamilton shales, and it may be 
represented among ihe specimens from the Naples shales, but on account 
of its greater size and more explanate stoma, it is necessary to regard 
the majority of the Belleropha of these shales as B. natatar^ a species 
common in all the outcrops of the lower fossiliferous beds. 

27. BeUeropbon inoisas, n. sp. 

Among my specimens of this genus fhim Parish Gully in Naples I 
find one which is distinctly different from the described species in these 
particulars: Fine, distant, incised, revolving line^ appear on the shell 
at the beginning of the last volution, and pass outward, being nearly 
parallel for most of the distance, and become obsolete only near the 
margin of the shell. The dorsum is well marked from the stoma to 
the most elevated portion of the whorl, where it becomes obsolete. The 
dorsum is quite smooth, showing no trace of the retrally curving lines 
of growth. On either side of the dorsum on the most elevated portion 
of the shell are from thirteen to fifteen of the incised lines. Edge of 
stoma somewhat emarginate at the dorsum. No concentric strisB, but 
a few low, irregular concentric ridges. In its general proportions the 
species resembles B. explanatu8 H. 
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Genns EUOMPHALUS. 
28. BuomphaloB planodisoos. 

JSuomphalus planodiscus Hall, 1860, Thirteenth Ann. Bep. N. Y. State 
Cab. Nat. Hist, p. 109 ; 1879, Pal. N. Y., Vol. V, Pt. II, p. 57, PI. 
XVI, Pigs. 1-4. 

This species was described from the Marcellas shales, and has hitherto 
been regarded as limited to that horizon. I have fonnd it to be quite 
codimon in the calcareous concretions of Briggs' Gnlly. 

Genus PLEUSOTOMARIA. 
29. Pleurotomaria capillarla. 

Pleurotamaria cagillaria Conrad, 1842, Jour. Acad. Nat. Sci., Vol. VIII, 
p. 271, PI. XVI, Fig. 11 ; 1879, Pal. N. Y., Vol. V, Pt. II, p. 77, 
PL XX, Figs. 18-21. 

This species constitutes a prominent member of the gastropod fauna 
of the Hamilton shales, and it has been found in several examples by 
Mr. Luther in the Naples shales. I do not know of its occurrence in 
the Genesee shales except in the upper portion or transition beds. 
Thence it ranges upward through the lower fossiliferous beds of the 
Naples shales and into the flagstones of the higher strata. 

Genus TROCHUS. 

Subgenus Paljbotboghus. 

Trochus subgenus Palceotrochns Hall, 1879, Pal. N. Y., Vol. V, Pt. II, 
p. 133, PL XXX, Fig. 14. 

'< Shell conical, trochiform; spire elevated; volutions moderately 
convex; aperture transverse ; columella t^ 

The above name was proposed to include a single species, Pleuroto- 
maria Kearneyi Hall, from the Upper Helderberg, of which Mr. Hall 
has said: '^1 see no reasons why it should not be embraced in the Lin- 
uean genus Trochus and have proposed for it the subgeneric name." 

From the shales at Naples 1 have several specimens which agree in 
all but a single particular with the species described by d'Archiac 
and de.Vemeuil as Monodonta purpurea (Littorina purpurea Sandber- 
ger) from Paflfrath. In general eontoui*, sculpture, form of the stoma, 
and excavation of the inner lip, they are similar, but the Euro}>eau spe- 
cies bears upon the inner lip a strong callosity tihich does not appear in 
my specimens. Although there is a wide difference in the external fea- 
tures of P. Kearneyi and my examples, there is a close agreement in all 
generic features. * With Ptychomphalus and PortlocMa of de Koninck it 
agrees in the form of its stoma and inner lip, but it has not in common 
with these genera anything that can be regarded as a Pleurotomaria 
band. Although agreeing well with Paleotrochue^ it is difficult to point 
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oat a singalar particular is which it does not coiDcide with living rep- 
resentatives of the genus Trochas. 

30. Trochus (PalaBOtroohas) praBonrsor.D. sp. 
(Plate m, Figs. 6-9.) 

Volutions, five. The last whorl making threee-fourths the height of 
the shell. Distance from apex to stoma. Id*""*; width across the body- 
whorl, 13™°'. Whorls ventricose, depressed at the sutures. Body- whorl 
depressed below, with a tub^rcled carina passing about it two-thirds 
the distance from the suture. Stoma tnmsverse, subtriangular. Outer 
lip simple. Inner lip without callosity. Columella with a spirally-stri- 
ated excavated band, which becomes obsolete as it passes downward. 
Surface marked by prominent tubercles arranged regularly in spiral 
lines. Of these lines of tubercles, two at or near the carina are the 
most strongly developed, and the interval between them greater than 
that between any other two lines. Of these spiral rows on the body- 
whorl generally eight are above and seven below the carina, and are 
increased by intercalation. The interspaces between the tubercles show 
very fine, transverse linings, only to be seen with a glass. 

r 

Qenus PLATY08T0MA. 
31. Platyostoma (?) mlnatl— Imiiin, d. sp. 

I find in the concretionary layers in Parrish Oully and along Honeoye 
Lake a remarkable abundance of a minute shell which I temporarily 
refer to this genus. These measure across the body- whorl from i to 
1"» and are f"^ high. The volutions are three in number, the last 
very large and ventricose ; surface without any visible ornamentation. 
That this is the young of some gastropod is quite possible, but as there 
is no species of gastropod that 1 know from this horizon of which this 
could be the young form, I venture to regard it as a new species. The 
individuals are so abundant in places that one may count scores over a 
single square inch of the surface of the rock. The sections of the rock 
for the microscope usually give abundant evidence of them. 

GenoB LOXONEMA. 
32. laozonema Noe, n. sp. 
(Plate in. Fig. 10.) 

- Among the specimens from the concretions of Briggs' Oully and Par- 
rish Oully and occasionally from the soft underlying shales, is a small 
Loxonema measuring from 5 to 8"" in length. This is th^ only repre- 
sentative of the genus I know frt)m this horizon, and it is quite distinct 
from the Laxanemes of the Hamilton and Chemung faunas in the pro- 
lK>rtionaUy large and few ribs on the whorls. 
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PTEROPODA. 

Genus HYOLITHES. 
33. Hyolitlies Neapolis, n. sp. 
(Plate in, Figs. 4 and 5.) 

Length of tbe shell on dorsal side, 23'°"'; width across stoma, 8^; 
ventral side, ^ to 1""" longer than the dorsal, projecting above the dorsal 
margin of the stoma ; dorsal side often showing two depressed furrows 
passing from apex to stoma, which are osually much increased in strength 
by compression. Also marked by strong transverse striations, which 
are especially prominent on the central, most convex portion of the 
shell, where they become strong rugce. Toward, the mai*gins these 
markings become obsolete. No longitudinal sculpture. The ventral 
margin of the stoma is rounded, and the surface of the ventral side is 
marked by concentric transverse lines of growth all running parallel 
to the stoma. No longitudinal markings. This is a very handsome 
species, distinct from the species of Eyolithes in the adjoining faunas 
of the Chemung and Hamilton in the character of its sculpture. It 
occurs, as far as known only in the softer, lower shales. From the 
black shales of the upper black band in Parrish Gully I have two frag- 
ments, which bear, one a dorsal valve and one a ventral valve of a very 
small individnal, measuring 4^'""> in length, which lack the character- 
istic sculptnre of H. Neapolis and belong probably to another species, 
althongh the condition of their preservation is not such as to allow their 
description. 

Genua C0LE0LU8. 
34. Coleolus acicfllmn. 

Orthoceras aciculum Hall, 1843, Qeol. N. Y., Survey Fourth Geol. Dist., 

p. 243. 
Coleolus acioulum Hall, 1879, Pal. N. Y., Vol. V, Pt. II, p. 187. 

Abundant everywhere throughout the lower shales, associated with 
Ooniatites cofnplanutm and Cardiola retrostriuta. I have had occasion 
to doubt somewhat the value of Hall'9 reference of this, originally re- 
garded as an Orthoceras, to this genus. I have tot infrequently col* 
lected specimens showing evidence of septa, these especially common 
in the concretions of Honeoye Lake, and which in external peculiarities 
agree very perfectly with the descrii)tion of Coleolus aciculum. I have 
not /seen the siphuncle to any of these individuals, apd it may be poji^ 

(90) 



CLAMB.] FAUNA OF THE NAPLES BEDS. 57 

sible that this genus includes septilerous forms. Though. thi8 does uot 
appear from the diagiK>sis of it, the original figure of Ortlwceras aeicu- 
lum in the Beport on the Fourth District of New York shows tbe pres- 
ence of septa, and, as the genus stands now, may be regarded as repre- 
senting a specimen of my species 0. aciculoides. As I have already 
remarked, under the description of that species, many of the forms oc- 
curring in the Naples shales which have usually been referred to 0. 
acioulum may have to be referred to 0. acicuUndeSj and other septa-bear- 
ing forms must remain for the present without definite reference, as 
material is not at hand for study. 

GenoB 8TTLIOLA. 
35. Styliola (StylioUna) fiflsurella. 

Tentaculites fissurella Hall, 1843, Gteol. N. Y., Survey Fourth G^l. Dist.; 

not T. fissurella Hall, Ills. Dev. Fossils, PL XXV, Figs. 12-14. 
Styliola fissurella Hall, 1879, Pal. N. Y., Vol. V, Pt. II. 

As already noticed, this minute pteropod is very abundant in the 
Naples shales, making a very large element of the calcareous matter of 
the Parrish Gully concretionary layer. In the shaly layers it is much 
less abundant, but will be found in many of the higher sandy shales 
and flagstones. 

Earpinsky (Die fossilen Pteropoden am Ostabhange des Urals — ^M^m. 
de r Acad. St. Pet^sburg, 7th ser., T. XXXII, No. 1, 1884) has suggested 
the probability that the paleozoic StyliolsB are generically different from 
the living members of the genus, and proposes the name StylioUna for 
the former. StylioUna is distinguished from Styliola by the form of the 
embryonal bulb, the lack of longitudinal frirrows and thorn-like pro- 
cesses about the stoma, and the presence of longitudinal incised lines. 

Genus TENTACULITES. 
36. Tentaculites gracilistxiatas. 

Tentaculites fi^ssurella Hall, 1876, HIus. Devonian Fossils ; uot T. fis- 
surella Hall, 1843, Gteol. N. Y., Survey Fourth Geol. Dist. 

Tenta4yulites gracilistriatus Hall, 1879, Pal. N. Y., Vol. V, Pt. H, p. 173, 
PI. XXXI, Fgs. 12, 13 ; PI. XXXI A, Figs. 37-47. 

This species, quoted by its author from the Marcellus and Hamilton 
shales^ I have found not uncommonly associated with the foregoing. 

Tentaculites gracilistriatus is regarded by Karpinsky in the work cited 
above as a synonym for T, a^marius Bichter. 
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PELEOYPODA, - 

GcQus CARDIOLA. 
37. Cardiol* tetrootriat*. 

Cardiola retrosiriata voit Bucb. 

Venericardium reiroatriatum von Bucli. Ueber die Ammoniteu, p. JSO, 

Cardium palmatum GulOfuss, Petrefjicta-Geriiijinijv, p. 270, 1'l, XXXIIL 
Figs. 8-UI. 

Cardiola retroxtriala Key8PrliDg,lS4G,EiiieIlciBeiu das PutschoralaDd 
p. 254, PI. XI, FiR. 3. 

Avicula speciosa Hall, 1843, Geol. N. Y., Survey Fourth Geol. Dist. 

Cardwia speciosa Hall, Miller, 1877, Am. Pal. Fossils, p. 186. 

Cardiola speoiosa Hall, 1883, Pal. N. Y., Vol. V, Pt. I ; Plates and Expla- 
nations, PI. LXX, Figs. 2-9. 

Mr. Hall desciibod and figured in 1843 {he. cit.) the species Aviouia 
speciosa, and has muro fully illustrated the same under the name Car- 
diola speciosa in his late work, Platea and Explanations of the De- 
vonian Lamellibrauchs of the State of New York, the entire text of 
which has not appeared at the present writing. There is innch varia- 
tion in the form of this species, as it occars in the Naples shales. It 
is here the most abundant fbssil in the group (excepting Styliola fittu- 
rella), and the hundreds of specimens which have passed throagh my 
hands show the nature of the variation to be thus; The outline of the 
shell is most commonly api)roximately circular, sometimes becoming 
transverse. In the circular forms the shell is more elevated at the beak 
than in the more transverse individuals. The variation in this respect 
is, however, slight, and only to be perceived in specimens from the 
calcareous concretions, where the form has been well preserved. The 
variation in size is from 2 to S""" in length in the commonly occnrriug 
individuals, averaging about 5""". The snrfa«e is marked in the nonnal 
form by eight or nine ribs, l>etween which lie comimratively deep said. 
RHrely the ribs become as many as twelve or fifteen. They are crossed 
by closely oppressed, retrally-bent lines, in which the retral beud is 
sometimes au even arc, and sometimes sharply angulated at the mid- 
dle. Not infrequently each of these ribs is bordered by a fine elevated 
margin, which limits the ends of the retral striie. Many of these 
features are very well brought out in Hall's illustrations of Cardiola 
speciosa in the place cited, but he has not noticed the forms with the 
elevated margin to the ribs. I have compared C. speciosa Hall, with 
HIK-ciniemy^' C. rv.trostriata, v. Buch, from the Middle and Upper De- 
iLin, Bickeu, Adorf, Bredelar, and elsewhere, and to my 
•iln'olHlely no specific difference in the American and 
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16 European species varies within even wider limits than the Ameri- 
as is well shown in the illustrations fj^iven by the Sandbergers,^ 
re the three varieties represented do not any of them compare favor- 
wlth the most common American forms. By an error (op. city p. 270) 
variety there mentioned as Cardiola retrostriata var. typusy repre- 
8 var. auguliferay and no illostration of the typical form is given, 
i typical form, that is, the one most usually occurring in the Upper 
onian horizons, is well illustrated by Goldfuss {lo€,cit)y Keyserliug 
cit\ and Eoemer.^ This form bears from eight to ten, sometimes 
ve, ribs, and its sculpture is the same as in C gpeciosa, F. A. Eoemer ^ 
given a figure^of Cardium palmatum Goldfuss, which is rather more 
sverse than the usual American forms, and bears twelve ribs ; this 
sverse form is, however to be found in the Naples shales associ- 
with the others. Cardiola retrostriata v. Buch is a shell of very 
) distribution throughout the Tapper and Middle Devonian of Eu- 
I. Keyserling'' has described it from the Domanik Schiefer of Pets- 
'a Land ; F. A. Boemer^ irom the same horizon (Mittel Obeirdevon, 
>manik Schiefer" Gredner, 1883) of Altenau in the Ober Harz. It 
^erywhere abundant in the^ same horizon throughout Westphalia, 
le Fichtel Gebirge, etc. In the north of France and on the Belgian 
tier the ^'Schistes k Gardium palmatum" are a member of the Up- 
Devonian, and are assigned the following position by Gosselet^ In 
classification of the Upper Devonian beds, 
sammites dn Gondroz, Galcaire d'CEtrseungt Psammites. 

( Schistes de Famenne, proprement dits. 

Pistes de Pan,enne SiSSa'dSan/*'"**""' 

I Guboides Beds, 
he relation of this horizon for Cardiola retrosiriata and its American 
zon will be well seen in the following list of the most characteristic 
lis of the formations lying in immediate juxtaposition .to the 
histes k Gardium palmatum." This is quoted from a section be- 
3n Marienbourg and Frasnes, given by Gosselet. (Loc. ciL) 

'k%aU9 de Famtnne : 

Bbynchonella cnboides : Hamilton group. 

R. pngnns: Chemang sandstones. 

Spirigera concentrica : Hamilton group. 

Spirifera difijancta : Chemung sandstones. 

8. earyglosBas. 

8. Mnrchisoniana. 

Produotus Bubacaleatns : Chemnng sandstones. 

^Verstein. deis Rhein. Schichten-Syst., PI. XXVTII, Figs. 8, 9, 10. 

>*Leth»a Palseozoica, Taf. XXXV, Fig. 16. 

»Beitr. zur Kenntn. d. Nordw. Harz, Taf. IV, Fig. 11. 

»Beitr. z. geol. Kennt. d. Nordw. Harz, Taf. TV, Fig. 11. 
^Annales d. Mines, Ser. 6, Tom. XII, p. 595, 1867. 
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2. Scki9feB d Cardium palmatum: {CardMa retraairiata) ; Naple$ alkdlm, 

Ooniatites retrordus : Naplee shales. 
RhynchoQella bijngata. 

3. Sohiates d nodules argilo-caloaires {Cktloairea de TreUm) : 

Rhyncbonella cuboides : Hamilton groap. 
Atrypa reticularis : HamiltOQ group. 
Rhyncbonella byngata. 
Spirifera euryglossus. 

The species of these higher Devonian beds have been sabject to maoh 
greater recurrence in Europe than in America, as was early noticed by 
Bigsby.^ Bhynclumella cuboides Sowerby, is fairly diagnostic of the 
lower Upper-Devonian and the American species after its typejB.vtnuS' 
tula Hall, originally identified as B, cuboides by Conrad, which occurs 
only, as far as known, in the Tolly limestone, at the base of the Gen- 
esee shales, is strong evidence of approximate parallelism of the Tolly 
limestone and the Eoropean beds containing B. cuboidesj viz., the Eifel 
coboides kalk, the Aix-la-Ghapelle coboides schichten, the Iberger kalk 
of the Harz Mountains, etc. 

Bhynchonella pugnus Sowerby, which ranges into lower horizons in 
Great Britain and Europe than America, is to be regarded as an Upper 
Devonian or Lower Garboniferoos type, and in the section given it occurs 
in its normal position in association with Spirifera du^uneta Sowerby {8, 
VemeuiU)j a brachiopod distinctly opper Upper-Devonian in its tyi>e 
and in America exclusively so in its species, but which in Belgium, 
France, and the Bhineland ranges below its normal horizon into the 
cuboides beds. Productus subaculeatus Murchisou is in Europe an Up- 
per Devonian fossil, ranging occasionally into the Middle Devonian. In 
New York, Hall has identified it from the Corniferous limestone or 
Lower Devonian, but, according to Bigsby, de Verneuil has mentioned 
two species very similar to P. suba^mleatuSyCoWected by Lyell from Tioga. 
If by this l?ioga County, New York, is meant, it would be within a dis- 
trict of Chemung outcrops. The "Schistes d> Cardium palmatum^ are 
described by Gosselet as black or violet- black, fissile shales, and are very 
like the bituminouH beds of the Genesee and Naples shales. 

Cardiola retrostriata is also quoted** from the shales of Torbay, in Dev- 
onshire, with Ooniatites retrorsus^ Ba<^trit€s Schltftheimiij and Pleuroto- 
maria iurbinea, which Lee regards an Upper Devonian horizon. Leon- 
hard*' has mentioned the species from Novaja Semlia. But the species 
is not confined to Upper Devonian horizons. Bigsbv*' quotes it from 
the Middle Devonian " Calcadre de Oivet.^ Maurer** refers to this «pe- 
cies a form from the Wissenbaxsh slates of the Kuppbachthal, Lower De- 
vonian. Von Seebach has mentioned it from the Wissenba4)h (Ooslar) 



«>Qnar. Jour. Geol. 8oc., Vol. XIV, 1858. 

<i Lee. Geol. Mag. new ser., Vol. IV, p. 100, 1877. 

^Ueb.palaoz: Gebilde im Nord-Deutochl. u. Belg., 1844, p. 139. 

^ Thesaurus Devonico-Carboniferus, p. 166. 

^♦JJpues Jahrbuch, 1876, p. 808. 
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nhales of the Harz, that is, lower Upper Devonian. Barrois^ has found 
Saodberger'H var. angulifera in the '< Schistes de Porsguen " of La Bade 
de Brest, which he refers to the Lower Devonian. It also occurs in the 
Bohemian Upper Silurian, iStages E. and H. In America its vertical 
range is much more limited. I have the species fh)m the Hamilton 
shales of Hopewell, Ontario County, and a single specimen from the 
bituminous Marcellus shales, giving thus the species a range from the 
base of the Middle Devonian to the base of the Chemung group proper. 

Qenns CARDIOLA. 
38. Cardiola DotIa. 

Oardiola Doris Hall, 1883, Pal. N. Y., Vol. V, Pt. I. Plates and Expla- 
nations, PI. LXX, Figs. 10, 11. 
A rather rare species, associated with Lunulicardium omatum and L. 

aeuHrostrum. From Parrish Oully. 

Genus C ARDIOMORPHA. 
39. Cardiomorpha ■uborbioiilaxla. 

Myalina suborbicularis Hall, 1843, G^l. N. Y., Survey Fourth Geol. 
Dist, p. 243. 

Cardiomorpha suborhicularia Hall, 1877, Miller, Am. Pal. Foss., p. 186. 
1883, Hall, Pal. N. Y., Vol. V, Pt. I. Plates and Explanations, 
PI. LXTII, Figs. 9, 10. Not C. auborbicularis Sandberger. 

This is a very abundant species in the lower shales, and very strongly 
suggests Cardiola concentrica v. Buch, of the lower Upper- Devonian of 
Westphalia and the Harz. 

GenD8 LUNULICABDIUM. 
40. Lunulioardinm omatum. 

LunuUca/rdium oma^^m Hall. Pinnopsis ornata Hall, 1843, Geol. N. Y., 
Survey Fourth Geol. Dist., p. 244. 

Lunnlioardium ornatum Hall, 1877, Miller, Am. Pal. Foss., p. 193. 1883, 
HaU, Pal. K Y., Vol. V, Pt. I. Plates and Explanations, PI. 
LXXl, Figs. 25-29. 

A characteristic species, occurring first in the lowest green shales of 
the group at Cook's Point, on Canandaigua Lake, and in the beds im- 
mediately underlying the lower black band in Snyder's Gully, south 
flx)m Woodville. 



*"Annale8 do la Soc. Geol. dn Nonl., Tom. IV, p. 89, 1877. 
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41. Lunulicardium aoutixoBtnim. 

Pinnopais ncdtiroatra Hall, 1843, Greol. N. Y., Survey Fourth GeoL Dist, 
p. 244. 

Lunulicardium acutirostrum Hall, 1877, Miller, Am. Pa|. Fo68il9» p. 193. 
1883, HaU, Pal. N. Y., Vol. Y, Pt I. Plates and Explanations, 

PI. LXXl, Figs. 30-^2. 

Not uncommon in the soft shales of Parrish Gully, Briggs' Golly, and 

elsewhere. 

42. Lunulioardimn fragUe. 

Avicula fragilis Hall, 1843, Geol. N. Y., Survey Fonrth Geol. Dist, 
p. 222. 

Aviculopecten fragilis Hall, 1877, Miller, Am. Pal. Fossils, p. 184. 

Lunulicardium fragilis Hall, Am. Pal. Fossils, p. 193. 

L. fragile Hall, 1883, Pal. K Y., Vol. V, Pt. I. Plates and Explana- 
tions, PI. LXXI, Figs. 1-14. 

A characteristic and abundant fossil in the Genesee shales, losing its 
abundance with the close of the '' transition shales," and to be fonnd 
but sparingly in the Naples beds. My specimens are fh>m Parrish 
Gully. 

BRACHIOPODA. 

Genus LINGULA. 
43. Lingula ligea. 

Lingnla ligea Hall, 1860, Thirteenth Ann. Rep. N. Y. State Cab. Nat. Hist 
/v. ligea var. Hall, 1807, Pal. N. Y., Vol. IV, PI. II, Fig. 8, p. 8. 

I have of this species but two individuals, one from the soft shales of 
Casha<iua Creek, Livingston County, and the other from the higher 
sandy shales at Nai)les. Mr. Hall's specimens are quoted from the are- 
naceous layers of the group. 

44. Lingula tiiquetra, n. b^ 
(Plat«III, Fig.ll.) 

Shell (ioinparatively large, broadly spatulate, the sides sloping away 
very evenly from the apex at an angle of about 60 degrees, and rounding 
somewhat abruptly to the anterior margin, which is verj^ transverse. In 
the ventral valve the apical single is more acute than in the dorsal, pro- 
jecting slightly over the dorsal apex ; the width of the shell on the ante- 
rior margin nearly equal to three-fourths the length of dorsal valve. 
The surface is ornamented by concentric ridge-like lines of growth, which 
are not all of the same size, ^o evidence of radiating, decussating 
lines. Length of dorsal valve, 18™°»; greatest width, 13"»"»; length of 
ventral valve, 19^"'"'. This species resembles somewhat L. kena H. 
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and L.pake/ormi8 H. of the Hamilton skales, but differs from the former 
in being shorter, more transverse on the anterior margin, and with 
straighter sides, and from the latter in its relatively less width ante- 
riorly, more abrupt anterior marginal angles, and the absence of radiat- 
ing striae. 

BRYOZOA. 

Genus AULOPORA. 

45. Aulopora annectena, n. sp. 
(Plate HI, Fig. 15.) 

A siugle specimen of this species attached to a valve of Lunulica dium 
omatum has a creeping poly zoarium, polyp-cells scattered at nearly, equal 
intervals along it. The sclerenchyma is flattened and the polyp-cells 
evenly sessile, opening directly from the base of the polyzoariuin. 
Polyp-cells shallow, and with a number of deep striations on the inner 
surface, making pseudosepta. This is from the sandy layers in the 
lower beds of the group on Whalers Back, Canandaigua Lake. 

CRINOIDEA. 

Genus MELOCRINUS. 
46. Melociinus Clarkei. 

Mehcrinua Clarkei H. S. Williams, 1882, New Crinoids from Hocks of 
Chemung Period., Proc. Acad. Nat. Sci., Phila., p. 31. 

This species has been found by Mr. Luther in the shales of Hatch 
Hill, Naples, occurring in the same manner as in the Genesee strata, a 
single thin layer, which is a mass of calices and columns. It is the 
only crinoid yet known from this group in Ontario County. 

PLANTiE. 

Genne LEPIDODENDRON. 
47. Lepidodendron primaevnm. 

Lepidodendron primcevum Eogers, 1858, Geol. Survey of Pennsylvania, 
Vol. II, Pt. II, p. 828. 

Specimens referable to this species occur commonly in the upper bitu- 
minous layers in Naples and in the township of Sparta, Livingston County. 
Usually they are in a poorly preserved, decorticateil " Knorria" condition. 
Outside of these bituminous strata the species is of rare occurrence. 
A specimen very remarkable for its size and beauty of preservation has 
been found by Mr. Luther in the upper sandy shales of the group at the 
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oi>eiiii]g of Grimes's Oally, in Naples. This is a long tronk, measuring 
along the flattened edge 70°'"' in width. When found only this trans- 
verse edge was exposed, and the trnnk ran directly back into a thick 
bed of compac*.t shales, so that it became necessary to remove several 
hundred cubic feet of this rock in order to expose it. Already a length 
of 225*'°' has been worked out, the diameter of the flattened trnnk con- 
stantly increasing the further the rock has been penetrated, and it 
measured 130"" in section at the spot where it was pecessary to break 
it off on account of the enormous mass of rock overlying. I trust that 
soon the remainder of this remarkable specimen may be uncovered, and 
believe that we may eventually find the root attached. • 

48. Lepldodendron gasplannm. 

Lepidodendron gaspianum Dawson, 1860, Canadian Naturalist and Geol- 
ogist, Vol. V. 

Good specimens referable to this species are to be found in the higher 
sandy shales of the Tannery Gully, in Naples. 

Genus CYCL08TIGMA. 
^ 49. Cyolost!«ma afflne. 

Cyclostigma affine Dawson, 1881, Quar. Jour. G^ol. Soc., Vol. XXX VII. 

This species, which was founded on specimens taken from the horizon 
of the Naples shales in the adjoining county of Yates, I have found in 
the bituminous beds in Sparta. The specimens have been identified by 
Dr. Dawson as belonging to this species. 

GenuB FUC0IDE8. 
50. Facoides graphioa. 

Fuooides graphica Vanuxem, 1842. Geol. N. T., Survey Third Geol. Dist, 
p. 172. 

This paradoxical fossil occurs very widely distributed throughout the 
flagstones of the group, always as long, low, oval elevations on the 
under surfaces of tbe slabs, a fact which proves that whatever the nature 
of the fossil may be it represents only the fillings of depressions on the 
originally muddy sea-bottom. These may have been formed by the 
wallowing of some animal, or by the decomposition of sea- weed over 
the bottom, but it is impossible yet to decide their true origin, as they 
have not been sufficiently investigated. 

A number of other species have been described from the rocks of this 
age in New York State by Conrad, Hall, Dawson, and Williams, which 
I have not as yet been able to find in the district under consideration. 
Some of these cannot be identified on account of lack of completeness 
in the original definition of the species. This is especially true of the 
Pelecypoda, of which I have a large number of unidentified forms, any 
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description of which I feel obliged to defer, as Mr. Hall's study of these 
Ibssils is just issuing from the press, and probably any descriptions of 
mine would increa^^e the unfortunate confusion which has hitherto ex- 
isted in regard to the New York Devonian Pelecypoda. 

The following species must be added to complete the list of the 
known fauna of these rocks : 

OomphoceraB AJ^^ Hall. 

lH7y, Pal. N. Y., Vol. V, Pt. II, p. 350, PI. XCIV, Fig. 8. 

This species was described from the shales of the Portage group, 
at Penn Yan, N. Y. 

Orthoceras Thyeates Hall. 

1879, Pal. N. Y., Vol. V, p. 306., PL LXXXVIII, Fig. 2. 

An exceptionally large and robust species " from the soft shales of 
the Portage group, near Watkins," Yates County. 

Orthoceras Atreus Hall. 

1879, Pal. N. Y., Vol. V, p. 305, PI. LXXXVIII, Fig. 1, and PI. LXXXIX, Figs. 
10, 11. 

Another extremely robust si)ecies quoted from the "Calcareous layers 
of the Portage grouj), at Penn Yan," Yates County, and from near Port- 
ageville on the Genesee River. 

Conularla congregata Hall. 

1876, Illus. of Devonian Fossils, PI. XXVIII, Fig. 1. 

1879, Pal. N. Y., Vol. V, Pt.II, p. 214, PLXXXIV, Fig. 1; Pl.XXXIVa, Figs. 
9,10,11. 

This is cited " from the shales of the Portage group, near Ithaca, 

N. Y." 

Avioula txlradiata Conrad. 

1842, Vanuxem, Geol. N. Y., Survey Third Geol. Dist. 

Not mentioned by Hall in his final report on the Aviculidse, 1884, 

Lucina retusa Hall. 
Nucula lineolata Hall. 
Astarte BubtextOis Hall. 

1343, Geol. N. Y., Survey Fourth Geol. Dist., p. 245. 

These species, early described by Hall, do not appear in his recent 
monograph of the Devonian Pelecypoda. 

Cardiomorpha undulata Hall. 

18S3, Pal. N. Y., Vol V, Pt. I. Plates and Explanations, PI. LXIU, Fig. 16. 

Cardiomorpha textiUfl Hall. 

1883, Pal. N. Y., Vol. V. Pt. I. Plates and Explanations PI. LXIII, Figs. 
11-15. 

Prsecardinm vetustum Hall. 

imiy Pal. N. Y., Vol. V, Pt. I. Plates and Explanations, PI. LXX, Flgr. 18-20. 

1 have not had opportunity of comparing these figures with my speci- 
mens. 

(Oil) 
Bull. IG 



66 HIGHER DEVONIAN FAUNAS, ONTARIO CO., N. Y. [bui.l.16. 

OrthiB tenuistriata Hall. ^ 

1882, Geol. N. Y., Survey Fourth GeoL Diet., p. 246. 

No mention has been made of this fossil in Hall's monograph of the 
New York Devonian Brachiopoda, and it is hardly to be regarded as a 
member of this fauna. 

Spirifera Isevis Hall. 
Delthyria IsBvia Hall. 

1843, Geol. N. Y., Survey Fourth Geol.Dist., p. 24S. 

Spirifera laBvis Hall. 

1867, Pal. N. Y., Vol. IV, PI. XXXIX, p. 239. 

This species, which is not uncommon in localities east of Ontario 
County, seems limited to those beds. I do not know of its occurrence 
west of Tompkins County. 

Crania oentralia Hall. 

1879, Pal. N. Y., Vol. V, Pt. II, PI. LXXXVni, Fig. 2, under explanation of 
the figure of Orthoceras Thyestea, 

Cyathocrinua ornatisainiua Hall. 

I 43, Geol.N. Y., Survey Fourth Geol.Dist., p. 247. 

The individuals upon which this species was founded were taken from 
the Portage shales at Portland, on Lake Erie. I have no knowledge 
of its having been found in any other locality, and the species has never 
as yet been carefully diagnosed. 

Poteriocrinus (Decadocrinus) Zethua WillianiH. 

Taxocrinus Ithacenais WlUiaras. 

Taxocrinua curtus Williams. 

1882, New Crinoids from the Chemung group of New York. 

These three species, described by Dr. Williams, from the vicinity of 
Ithaca, I have not as yet found. 

Ormozylon Erianum Dawson. 

1871, Fossil Plants of Sihir. and Dov. of Canada. 

Asteropteris Novoboracensis Dawson. 

1881, Quar. Jour. Geol. Soc, Vol. XXXVII, p. 299, PI. XII, Figs. 1-9. 

Equisetides 'Wrightiana^ Dawson. 

1881, Quar. Jour. Geol. Soc, Vol. XXXVII, p. 301, PI. XII, Fig. 10; PI. XUI, 
Fg. 20. 

The last two of these species were described from specimens found in 
the adjoining county of Yates. 

^In the Geological Magazine for September, 1884, T. R. Jones and H. Woodward. 
regjirding the original of this species as the abdominal segments of a Phyllopod crus- 
stacean, have thus described it, under the name Echinocaris Wrightiana, If this is 
correctly referred the origiual animal must have been of colossal dimensions. 
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THE PETROGRAPniC AND PAI.EONTOI.OGIC CHARAC- 

TERS OF THE PORTAGE BEDS. 

TYPICAL EXPOSURES. 

1. In the town of Naples, the Grimes and rannery Gullies ; ou Hatch Hill ; ou the Qar- 

liDghouse road, and at In<j:leHido. 

2. In the town of Italy, Yates County, the Clark Gnlly. 

3. At Dansville, Livingston (^ountj'. 

4. On the Genesee River at Portagevillo. 



From the highest horizon referred to the preceding grotlp of shales, 
rise about 600 feet of heavy bedded gray and greenish sandstones, with 
some flagstones near their base, and occasional interhiminations of 
arenaceous shales. These were originally grouped with tlie Cashaqua 
and Gardeau divisions of Hall, as has already been noticed, under 
the name Portage group, and it may be tliat this was done more on 
negative than positive evidence, as these san<ly layers are ver^^ barren 
of all organic n^mains. The paloontological connection between these 
Portage sandstones and the underlying Naples shales is very slight, and 
between the two must be drawn the line which separates the fauna of 
the Hamilton period from that of the Chemung. The original description 
of Hall characterized these sandstones by the abundance of the worm- 
borings Scolithus (Fucoides) verticalis^ and these I have found to be quite 
abundant, especially at the top of the series and immediately underly- 
ing the beds bearing the important High Point Fauna presently to be 
noticed more at length. At Ingleside, in the township of Naples, I 
have found in these sandstones JDictyophyton tuberosum H., a fossil re- 
ferred to the Hexactinellid sponges by Hall,^^ Whitfield,^^ Barrois,^^ and 
to the AlgsB by Roemer;'^ also, Amhococlia umhonata Conrad; these 
about 500 feet below the summit of the group on High Point, 3 miles 
west of the village of Naples. Bictyophyton tuberosum I have also found 
within 300 feet of the upper limit mentioned. This fossil must be re- 
garded as characteristic of the Chemung fauna, as it is not known to 
occur outside of Chemung horizons. 



« Thirty-fifth Ann. Rep. X. Y. State Aius. Nat. Hist., 188:5. 

*»Am. Jour. Sci., Vol. XXII, July and Aug., 1881. 

^^"Dictyospon^idin des Psaiunii tos du Condroz," Annales de 1. See. Geol. du Nord, 
Tom. XI, 188.5. 

'•"" Bemerk. ueb. Hall's Gattung Diet ijophy ton. '^ Sitzungsber. der schlesisch. Gesell. 
liir vateiliind. Cultlfr, 1883. 
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Ambocodia umbonata is also a characteristic and abundanf Ghemang 
fossil, though it occurs as a member of the Hamilton fauna, 1,000 feet 
below. In the sandstones and flags of Grimes's Oully, in Najdes, 
at a distance of about 600 feet below the High Point horizon, I have 
found the Ohemung fossils Leiorhynchus mesacostaliii H. and (f ) JHscina 
honi H. Besides these, Mr. Luther has more lately detected Ambaocslia 
umbonata Con., Atrypa aspera H., Sfenochisma eximium H., and some 
unidentified species of Froductella, Below this fossiliferous stratum 
and within 10 feet of it are beds containing the characteristic species of 
the Naples shales, viz., Oardiola retrostriaia^ Ooniatites complanatuSy Ool- 
eolus a4>iculum. Further than the six species menticned, all of which 
are chnracteristic of the typical fauna of the Chemung, I know of no 
other fossils from these Portage sandstones, with the exception of the 
crustacean species described by myself, viz., Spathiocaris Emersoni, Dip- 
terocaris ProcnCj 2>. pennwDcBdali^ from the beds in the town of Canadice, 
and i). peS'Cervde from Dansville, Livingston County, There are thus 
ten well-defined fossils (exclusive of Fucoiden graphica and Soolithus ver- 
ticalis) which constitute the known fauna of the Portage sandstones, two 
of which, namely 2>. pennceDwdali and i). pes-cervw may be peculiar to 
it ; seven }>olong to the Chemung fauna above, namely, JHpterocaris 
Procne, Ainboccdia umbonata^ Atrypa a^pera^ Leiorhynchus mesacostaliSj 
Stenochisma eximium^ (t) Disdna Leoniy IHctyophyton tuberosum^ and one 
comes over from the Naples fauna below, namely, Spathiocaris Emer- 
sonL 

The following table gives a list of all the fossils now known to occur 
in the Genesee and Naples beds in New York, and shows what portion 
of these faunas and floras have been derived from the rocks below of 
the Hamilton Period and what members pass upwards into the rocks of 
the Chemung Penod. It therefore affords the evidence ui)on which the 
Naples shales and the Portage beds must be assigned to their appropri- 
ate horizons. 

As a result of these investigations the fauna and flora of the old 
Cashaqua and Gardeau beds, i, e.j the Naples shales, are increased by 
32 species or 60 per cent, (for Ontario and adjoining counties, 66 per 
cent.), and of the Genesee shales the list is increased by 27 species or 
48 per cent, of the known fossils of these rocks occurring in the State, 
and 60 per cent, of the known contents of the rocks in Ontario County 
and vicinity. 
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A U»t of the fotnilH occurrhig in Iht Gtnetee, ^apleii, and Portage bedn of Oulario Countg, 
tpilh Ihe names of species herelofore idenlifird from tkrie Hvritoiw tlseichtrein lAe StaU if 
jVeif i'ork, bal not at gel fcnowN iBithia thU district. 



PMy^noUHf (IiiUm Hinde 

nmufiK BlndD 

prineepi HiDde 

polwofM Hlmlo 

J'rioail,dlU^rralitll•B[l,ilB..////^'.'/^' '.['.//.'.'.'.'.'.'.'.'.'.'..'. 

jjnmtiuHindo 

" uHlnde 

Htada 

„ uBindo. 

J>i»ielJiyi NtaliTTvi Cbake 

J^rufocaiiUiuHlwIuClitrkB 

JNiIodhuru drDDHinii Cluka 

Atmntttudt-priim C1mt\b.. 

JieoUihutetnieaUilUa i 

OftaUvtarii IsiuFuaiuIu Hall 

(iinplM Clarke 

Bueheri Chrke 

^fliUBDcari* mitjSfldi Ularke 

WHi/hiiaiui Duvtoa 

JfpalHoearit EmtmntiClMTkii 

Jfipltncariiprnntr-DtBtaimiMTit 

p«-<w«« ClarkB 

/Vdow Clarke 

Siriirlfhia Bd^nCUrke 

j<— '-•"/! eompbinatvt HaH 

mr.peHatuMBtXl ^ 

dueDtdm Hall 

ualaaaidarii Ball 

J^i(*r.Doi Hall 

bieotlabu Hah , 

nnHoroHall 

^uUrW ClarkK 

nod Ver I' lurk I. 

peroenhwUsll 

Oitmauumtii llii] ear 

A ttorta Clarke 

otpaiMlarBtll 

oclralotdM Clarke. 

OatoriD Clarke 

MmmCUrkfl 

«efto» Clarke 

HntMs Clarke 

AnjMHtatu Clarke 

TKyuUMEtli _ 

AfKiuBaU 

OowiAmwTU AJax Hall 

UanoUnU 

Conularia conoHgara Hall --_---^- 

JTH-litkMjmpslu Clarke 

CAnlu ocieuhin Hall 

Tntaeulilti graeaMriatiu Ual\ 

i«vHe>la jiMiitcHa Hall 

•B^lmpAan naUUar Hall .. _ 

ineitut Clarke - - - - 

■Iriilluii FDmaaaoandit'OrbiRiiy 

JSuomphalia plu^aduiait Hill- 

• flATogCUrke 

irClarke 

lum Clarke 

.Balial Clarke 

.UiMrtickfl'lut m JHoIkA Clarke 

I'trurolmpitria capillaria Cmintd 

ruffulata Hall _ 

Ilvi rar. lm«<ipiTa Hall 

Can/Jola i-rtrotfrJoOi V. noeh 

iTaruHall 

OanUonunTAanlwrAinilarif Hall 

uBiiHlflW Hall - 

teaaitUM... 

JVattardium r«i,i(HiM Hall 

iuiiulienniiiim/romi* HjH... 

aoTliruKn,,,, mii 

ornatunBaa 

JfMHOTnoiyAa (1} OA*nii» Clulw 

(103) 



70 HIOHbK DEVONI4N FAUNAS, ONTARIO CO., K. V. Iulluic. 

A liito/ thefoseiU oeeurriHg in Ifti (.'cfliai''^.'.. ,■ f(-,«i.(^ I'mlii-jr U:'-', eii'.— CoutillDCd. 



IS |l 



Bpirifira laeUSali 

.IMpWcrClarke 

PhifoClarkB 

Amboeotlia ^tttbwiQta Conir^d 

.ilnpoatptrailiii 

Cluineta irlintra Hall 

MaallM 

Lfitrhi/nehut quadrirotUtUu HhII , . 

iiwTccjrfad'f Bull 

<I)»Md(raarke 

iSlnwrACniia eniiiium Ball 

(7r-.n«iwn(ro(i»lliill ...-..-. 

AiKinatnwaiMlun 

/.odrmu nnll - .. 

/,™m H«ll(() 

iinmlaKflMlIall 

fparulafa HrII 

frfouffra (;j»rki> 

Ora'Aowiniu onuffBiM hi Hall .... 

llilocHmu CbirM Willlumi 

FolmrieeriHui ZeUiiu WIIHamii 

Taxorrima IIAartnfii WilliBus 

Antopvra anneetfnt Viutka . 

(ladBtkenvi tj, 

Dirlgophiilim lubrrontm IIM. . . .. 

Caetaitigi*/! a0at UawMiD 

AtTeropterit nin-tboraw7iti4 Jyay^oD 
Ormorylm KriaHUm Uittxiiua ... . 

DailornbM CtarM llnwaon 

CladBiJA." lalratile Uiimoa 

LtpUodeadna vrimiKvum ttogr:y< . . 
aatttlanum Daw.on 
CalamlUi inornanu l>BwiaIi 
Jtachiapitni I Khail-ii) pinnaia l»i"s 



Thu8 of 47 sjiecics oci-iirriny; in tlio N;i|i1ps ^lialfs of this distnct, 15 
8]>eui<'s or ,'U per coiit. ocL-nr :iIso in He,' fiiiiiiii of the Genesee; 1 spe- 
cies (3 inelndiii^ Fiicnidex (irfipJiici niid SeolitkiDi nrtiealix) or 'l.\ jter 
<rt>iit. in tlie i'liiiiia oC tin; I'lirtii^e : tt spicios or 10 per ci'lit. in tbe fuiiiiii 
of tbe liaiiiiltou proper. 

Of iJ2 KpecicM (not iiidmlinK II sp<(-ifs b<-loiiy:iitgtu tlie pjrite fuuiia) 
here nototi as occnriinjj in lln- Gfiicsic sliak's of tlio dlsirict, IC spei-ies 
or 50 per cunt, occur al.so iij tlio fauiiii of i!io Naples slialcs ; 11 species 
or 34 per <:uiit.iti tlie lamia of lite II ;i mil ton proper. 

Of 12 upeeies wliieli Iiere oeiriir in itic I'orliiyo beds, 1 (;i f) species or 
S.Sjier cent, is I'miiiil also tti I he NapK-s sinilea ; 7 species orW) percent^ 
occur in tiie overlying (.'lieniiiiif; lieils. 

There are two eonelasions to be ilriuvn ironi tliese tables, namely, (I) 
that the Nnpte.s shales have no sneli |>aleontolor[icaI relation 1o tbe 
rocks of the Chenmn-j I'eriod as to jnstily the union of them with these 
i-ocks; (2) that Ctieir fanna and tlora is more closely allied to those of 
thCLHauiiltou shales, and that therefore these beds are to be reganled 
either as constituting the uppermost member of the Hamilton Period, or, 
(ItM) 
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together with the Geuesee shales, representing a distiuct geological 
epoch. 

From the facts (1) that only 10 of the 00 species which may be re- 
ferred to the horizon of the Naples shales in New York, and 15 of the 
66 species in the Genesee shales occur iu the fauna of the Hamilton 
epoch, and (2) that as far as it is possible to trace a correspondence 
between these and transoceanic faunas they appear to belong to a lower 
Upper- Devonian horizon, and (3) that the transition from the Genesee 
to the Naples beds is so gradual petrographically and paleontologicallj- 
that a very strong line of division between them is not possible, the 
more probable conclusion is that these two groups of strata represent 
the epoch of the lower Upper-Devonian in Western New York. 
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FAUNA OF CHEMUKG BEDS AT HIGH POINT. 

Overlying the thick bedded " sandstone with vertical fucoids,'' which 
was described by Mr. Hall as composing the terminal mass of the Port- 
age sandstones, is a stratum 5 feet in thickness which contains a fauna 
of much interest. This was discovered in 1878 by Mr. D. D. Luther, 
on the summit of " High Point," a mountain standing 1,900 feet above 
the sea, and situated about 3 miles northwest of the village of Na- 
ples. The exposure of the stratum is quite limited, and, as it is in situ 
only on the sheer face of a high cliff, has been studied mostly from the 
fragments which have fallen into the talus below. 1 know as yet of 
no other outcrop of the stratum, although I have reason to believe that 
it will be found among the high hills lying to the south. The contain- 
ing rock is a sandy limestone, or a sandstone, with a large intermixture 
of calcic carbonate brought in by the fossils it contains, and is in places 
largely composed of fragments of crinoid columns. It has afibrded me 
the following fauna : 

Rhynchonella pugnus Martin. 
Atrypa aspera Hall. 
A. reticulnris Linnaeus. 
A. hystrix Hall. 

Streptorhynchus Ohemungensis Hall. 
Spirifera dinjuncta Sowerby. 
S. 8uhattenuatix Hall. 
8. mesacostalis Hall. 
S. himesialis Hall. 
AmhocceUa nmhonata Conrad. 
Straphodontn Cayuta Hall. 
8, variabilis Calvin. 
8. exilis Cfvlvin. 
Productelln speciosa Hall. 
Orthis infer a Calvin. 
Chonetcs setigera Hall. 
Crania sp. 
Pterinea sp. 
Polypora sp. 
FeneMelUi sp. 
Zaphrenfis sp. 
Receptactdites sp. 
Dadoxylon Clurkei Dawson. 
RhynchoduH sp. 

Cladodus sp., and other undetermined ftsh remains. 
T4 (106) 
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lu the summer of 1882 I made Dr. II. 8. Williams, of Itliaca, ac- 
quaiuted with the locality, and he has identified the following addi- 
tional species:'^ 

Prodtictella ddssimilis Hall. 
Orthis lowensis Hall. 
Strophodonta arcuata Hall. 
8. {Strophtyiwlla) reversa Hall. 
8. Canace Hall and Whitfield. 
Spirifera Orestes Hall and Whitfield. 
Stenochisma contr<ictum Hall. 
Fistulipora occidens Hall and Whitfield. 

Of this fauna only the following species had been previously recog- 
nized from the Chemung group of New York State : 

Atrypa aspera Hall. 
. A, reticularis Linnaeus. 
A. hystrix Hall. 

Streptorhynchus Chemungensis Hall. 
8traphodonta Cayuta Hall. 
Spirifera mesacostalis Hall. 
8. disjuncta Sowerby. 
Productella speciosa Hall. 
Chonetes setigera Hall. 
Amboccelia umbonata Conrad. 
8tenochisina contractum Hall. 

RhynckonelUe very closely allied to pugnus Mart, have already been 
recognized in America by Meek'' in the sabcarboniferous rocks of Bock- 
ford, Indiana, and Chouteau Springs, Missouri, in forms which are closely 
comparable to the English and Irish carboniferous forms. These have 
been referred to the species R. Missouriensis Shamard.'^ Marcoo, in 1858, 
and McChesney, in 1860, described species of quite the same type as R. 
pugnus^ the former under the name R. Rockymoniana^ the latter with 
the name R. eatoniaeformis^ from the carboniferous of Utah and Illinois 
respectively. Although R. pugnus belongs to a carboniferous type, and 
occurs abundantly in the English and Irish carboniferous rocks, it is 
also in the same countries a member of the fauna of the Middle Devo- 
nian.^ It isa well-known fossil in the Bhenish Devonian ^ throughout 

*'Am. Joar. Sci., Vol. XXV, Feb., 1883. 

Dr. WiUiams has somewhat forestalled my work upon this fauna by the publication 
of this article* npon A remarkable Fauna at the base of the Chemung Group in New 
York, but my observations here indorse and materially strengthen the esgential views 
there set forth. 

"Geol. Survey of Illinois, 1866, Vol. II, p. 154. 

^Geol. of Missouri, 2d Ann. Rep. 1855, p. 204, and Meek, Geol. Survey of Illinois, 
Vol. II, p. 153. 

M Davidson, Mon. British Dev. Braoh., p. 60. 

''Mikweri Neue« Jahrbuchi 1875; Kayser, Zeitschr. d. d. Geol. Gesell.i Band XXHI, 
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the Stiingocephalen Kalk and the Upper Calceola Schichten, but here 
it is not to be regarded as a diagnostic fossil, inasmuch as its more 
usual occurrence is at a higher horizon. Kayser,** Roemer, and Schlon- 
bach quote it from the vicinity of Eschweiler and Aachen, where it is 
associated with Spirifera disjuncta at a horizon which parallellizes with 
the Lower Chemung of America. In Belgium and the north of France 
it is quoted by Bureau*^ from the Cop Choux limestone, associated with 
RhynchoneUa cuboideSj and by Gosselet*® from the ''Schistes de Fa- 
menne," in association with 8. di»junct4i and E. cuboideSj both of which 
horizons agree, as nearly as we can expect agreement in so widely sep- 
arated forDiations, with the Chemung group of New York. 

The forms of this ppecies occurring in the Rhenish and Harz Devo- 
nian show a variation from the typical forms of if. pugnus figured by 
Davidson, and this author has referred the examples figured by the 
brothers Sandberger to R. acinninafa Martin. Nowhere, to my knowl- 
edge, does this species in any one Devonian fauna present so consider- 
able a variation as the specimens from High Point.. Certain individuals 
with only a medium elevation of the mesial fold and with laterjil plica- 
tions acute at the margin, becoming obsolete over the visceral regions, 
represent the type ofR. pugntis. Others, with extremely acute and ele- 
vated anterior margin and only traces of one or two lateral plications, 
represent the varieties of R, acuminata^ mesogonia, or plicata Phill.* R. 
pugntis is one of several Devonian species of cosmopolitan range, and it 
has from the time of its first appearance in the Middle Devonian of Ger- 
many to its disappearance in the Lower Carbopiferous, adapted itself to 
the change in the probable westward migration of the Devonian fauna 
of Europe, and has as a specific type outlived, without much variation, 
most of its earlier associates. 

Dr. Williams has compared the faun a represented in the second of 
the lists given above with a peculiar and interesting fauna originally 
described by Ilall^ from Lime Creek, near Rockford, Iowa, and subse- 
quently reviewed by Dr. C. A. White.^* By these two authors this fauna 
was regarded as belonging to the Hamilton group. Later Messrs. Hall 
and Whitfield ^^ published a study of the same fauna, describing some 
additional species, and referred it to the Chemung group, and more 
lately Mr. S. Calvin ^^ has reviewed the fauna and given a complete list of 
its members as known to date. Calvin had also previously described^ 



''♦'Kayser, Zeitschr, d. d. Geol. Gesell, Band XXII, p. 841. 

■•7 Bull. Soc. Geol. de France, 2nie ser., T. XVII. 

MBull. Soc. Geol. de France, 2nie ser., T. XVIII, p. 18. 

wMon. British Dev. Bracli., PI. XIII. 

eo Geology of Iowa, Vol. I, Pt. II, 1H58. 

6> Geology of Iowa, Vol. I, p. 187, 1870. 

62 Twenty-third Ann. Rep. N. Y. State Cab. Nat. Hiat., 1873. 

wAm. Jour. Sci., Vol. XXV, June, 1883. 

«Bull. U. S. Geol. Survey, Vol. IV, No. 3, 1878. 
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nu iutereHliiig faauafroiQ a bed of black tsbaletj at luilepeudeace, Iowa, 
wliicb underlies the main beds of tbe Devonian strata in tliat State, 
known as tlie Devonian liniestonca. Tlie liockford shales, containing 
the Lime Greek fauna, oredie tbese Devonian limestones, and several 
of the species occurring in tbe higber horizon are also found in these 
lower Independence sbulctt. For the purpose of bringing ont clearly the 
correspondence between the Hi^h Point fauna of Ontario County, and 
tbe fauna of tbe Lime (Jreek and ludejwndence beds as given by Calvin, 
leaving aside the Cuslenterate fauna of tbe Lime Creek beds, the follow- 
ing table will suffice : 






."2 



JTallaiftii Biyanlfa II. nod 
fnrofyelu&itini WLiU... 
Oryplmrila Calrini R. and ' 
Imbrat^la nan«lla H.... 
Ovpidula ocdderilttlit B 



tt. p.ifpini M»rtln 

Atrjfpa rttictilan£ LinniEnfl 
Atrypa hytir 



P^^lfi^ 



jptrifrro ilacBridti ''. 



ladU.BDdWhicr 



8. Bungtf/ordi I 
8. nuiuutalit D 



PrcducliUa tnneala a 

P.durimrfifH. 

c'liimtta ttliffrra d 

OrlfcitiBiprMja. vftr, tmceiuit U — 

O. inftra Uolvln 

JUreiili/Tkimi'hiii Chemvngaitit Con . 
8in>iihirntUa>tyl/nda n.aud Wbiir... 



£. Canace H. a 
8. arcunta H .. 
S. Caniila B . 



'J 



This fauna in Ontario County consists of twenty-six described species, 
indisputably of the age of tbe Chemung Period, as it contains eleven 
species previously recognized from tbe Chemung group of New York, 
and lies 600 feet above the last stratum knowu to contain fossils of the 
Naples sbales. lint it embraces a large intermixture of species tbat 
are totally unlike those of the Chemung of New York, and which find 
their counterpart only at a distance of nearly 1,000 miles to the west. 
Fourteen speclea are common to the High Point strata and tbe Lime 
(109) 
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Creek be<l8 overlying (be Devonian limestones. Of twelve species oc- 
curring in the Iudei)endence sbales, which underlie these Devonian 
limestones, nine occur also on High Point Two species of the inter- 
vening Devonian limestones, viz., Spirifer bimesialis H., and 8. sulh 
attenuata H., occur likewise at High Point. With the occurrence of 
these Ghemnng fossils abundantly at the base at the top of the Devonian 
series in Iowa, it becomes difBcult to assign any definite horizon to the 
members of that seiies which will give them a correspondeuce with 
series in New York. The character of the fauna of the Independence 
shales leads.us to the belief that the first Devonian fauna to appear in 
Iowa included an important representation from the Chemung fauna of 
New York in its probable migration westward from New York, to be 
succeeded in the limestones and shales above by a mingling of the Mid- 
dle and Lower Devonian faunas of the east, and again by a return of 
the Chemung fauna with a moi*e perfect. development at the time of the 
deposition of the Lime Creek beds. That is, in the matter of rela- 
tive age, all of these Iowa Devonian beds must be later in time of 
deposition than the Devonian of New York lying below the horizon of 
the High Point strata, and the age which saw the deposition of the 
Chemung sediments in New York was probably well toward its close at 
the time of the inception of the conditions in Iowa necessary for the 
deposition of the Independence shales. 

List of the new species described in this paper. 



Species. 



oJ U 



PISCES. 

1. Dinictbys Newborryi . . . 

2. Pristacanthua vetustus. 

3. Pal»onisciis Devonicas 

4. AcanthodeH pristis 



CKUSTACKA. 



5. Ceratiocaris simplex... 

6. C. Beccheri 

7. Echinocaritt Whiifieldi. 

8. Beyrichia Dagon 



CEPHALOPODA. 

9. GoDiatites Lntbcri 

10. G. Astarte 

11. (ioniatites nodifer 

12. Ortboceras aciculoides 

13. O. Ontario 

14. O. fllosnm 

15. O. Stebos 

16. O. Mephisto 

17. O. Asmodous 



PTKHOPOPA. 

18. Hyolithes Neapolis . . . 



* 






* 



Species. 



OASTEKOPODA. 

19. Belleropbon incisns 

20. Loxonema Koe 

21. riatyostomaniiuatissinnim 
. 22. PI. 6elial 

23. I'alieotrocbns pnccursor. . . 

24. Macrocheilaa (?) Moloch . . . 

PELECYPODA. 

25. M<Mliouiorpba ChemoH 

BRACniOPOPA. 

26. Spirifera Belpbogor 

27. Sp. Plato 

28. Leiorbyncbus Hecate 

29. Lingnla triqnetra 

CCFXBNTEKATA. 

30. Aulopora annectens 



s 



I o • 






* 

«r 
* 
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[Figarefc in heavy-faced type indicate the page on which the deecription or a special reference is 

given.) 



Acanthodea 



Pace. 

42 

priatis, n. sp 38 

(?) pristis, n. sp 49 

Ambocoalia nmbonata 28, 67, 68, 72, 73 

Annelida 43 

Aatarte snhtextilis 05 

Asfceropteris Novoboraoensia ^ 66 

Atrypaaspera 68,72,73 

hystrix 72,73 

qnadricostata 24 

reticnlaria 60,72,73 

Anlopora 63 

annectena, n. sp 63 

Avicnla fhigiUa 23,62 

speciosa 58 

triradiata 65 

Bactrites Schlotheimii 60 

Bellerophon 23,52 

ezpansnaf 52 

explanatna 53 

inciana, n. sp 53 

M»ra 23 

natator 59 

striatos 33 

striatus(t) 23 

Beyrichia 29 

Dagon,n.sp 99 

Bibliography of formations discussed 9 

BIgsby, J. J., Title of paper by 10 

Bitnminons shales 37 

Brachiopoda 24,62 

Bryosoa 63 

Calamitea 26 

inomatns 26,33 

Cardiocaris ... 46 

(Discinooaris) lata 46 

Cardioh* 24,58,60 

Doris 61 

retrostriata . . 24, 33. 34, 37, 30, 56, 58, 60, 68 

speciosa 58 

retrostriata var. t3rpas:=Cardiola 

retrostriata var. augnlifera 59 

Cardiomorpha 61 

suborbicolaris 37,61 



textilis .. 

undolata 
Cardium palmatnm — 
C^ephalopoda 



65 
65 

58 
20,47 



Page. 

Ceratiocaris 20,43,45 

Beecheri, n. sp 44 

longicaadus 20,33 

simplex, n. sp 43 

Chemung bods, Fauna of.at High Pplnt. 79 

Chon o tes 24, 82 

lepida 24,39,33 

retrostriata * 33 

setigera 24,72,73 

Cladochonus sp •. 25 

Cladodnssp 72 

Cladoxylon 26 

mirable 26,33 

Clarke, J. M., Title of papers by 11, 12 

Coleolus 22,56 

aciculnui 22, 33, 34, 39, 51, 56, 68 

Concretionary layer 38 

Conodonts 40 

Conrad, T. A., Title of papers by 9 

Conularia congregata 65 

Crania centralis 66 

sp 66 

Crinoidoa 25,63 

Crustacea 20, 43 

Crustacean tracks (?) 47 

Cyclofitigma 26,64 

affine 26, 33, 38, 64 

CyathocrinuB omatissimns 66 

Dadoxylon 26 

Chu-kei 96.72 

Dawson, J. TV., Title of papers by 10, 11, 12 

DcUbyris IsBvis 66 

Dictyophyton tuberosum 67, 68 

Diuicthys 18 

(?) Eifelonsis 18 

Hertzeri 18.19,20 

Nowberryi, n- «P 18, 19, 20, 33 

Torrelli 18,19,20 

Diptcrocaris penna^I)cDdalia 68 

I)es-cervfe 68 

Frocne 68 

Discina 24 

(f)Leoni 68 

Lodcnsis 24,33 

trnncata 28 

Discinocaris 46 

Echinocaris 44 

Whitfleldi, n- sp 45 

" 77 
(111) 
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Page. 

Equlsetidet WrightiaDB 66 

Baomphalus 54 

planodiscns 89,54 

Faona, Chemung beds, at High Point 7*Z 

Gfmeseo rocks of Ontario Connty 

and flora of the 33 

High Point, Table of compariMn 
with Lime Creek and Independ- 
ence fkanas 75 

Independence, Table of compari- 
son with High Point and Lime 

Creek faunas 75 

Lime Creek, Table of compi^rison 
with High Point and Independ- 

encefaonas 75 

ThePyrite 98 

Peneetella sp 72 

Fistnlipora oocidens 73 

Formations discussed, Bibliography of . . . 9 
Fossils oooarring in the Genesee, Naples, 

and Portage beds 69, 70 

Fnooidas 64 

graphica 04, 68, 70 

yerticalis 43 

Gasteropoda 22, 52 

Genesee beds, List of fossils occurring in, 
and heretofore identified 
elsewhere in New York . 69, 70 
Petrographic and paleonto- 

logic characters of J 3 

Genesee formation, Bibliography of 9 

Bocks of Ontario County, Species 
constituting the described 

fauna and flora of 33 

Shales of New York, Review of 

fossils of J 7 

Gomphoceras 22 

Ajax 65 

Maiies 22,33 

Goniatite concretionarj- layer 38 

Gon iatites 21 . 29, 47 

Astarte. n. sp 'JO 

bicostat us 49 

Chemungensis, var 38, 5 1 

clavilobus 51 

complanatu8.20. 33, 34. 37, 47, 48, 50, 56, 68 

var. perlatui* 50 

di.scoideus 20, 33, 39, 48 

forcipifer 50 

intainesccns 48, 49, 50 

lamed 48 

lamellosus 21 

Lntheri, D. sp 50 

nodifer, n. sp ill 

Patersoni 21 , 33. 39, 48. 49 

peracntua 50 

p^auorbi.H 21 

retroraua 49, GO 

retrostriata GO 

rugoans 48 

simplex 47, 49 

siuuosus 39, 49 

^ tnbcrculoHus 21 

■ tj-piis 49 

I ' 



Goniatitesnndulatus 

uniangularis 

(Clymenia ?) Nundaia 
Green, H. A., Title of paper by . 



40 

48 

49 

10 

Hall, Jame^ Title of papers by 10, 11, 12 

High Point Chemung roeks of New York, 

Bibliography of II 

Fauna of Chemung beds at.. 73 
Fauna of Ontario County, 
Table of comparison with 
Lime Creek and Independ- 
ence faunas 75 

Hinde, H. A., Title of paper by 11 

Hyolithea 50 

JS'eapolis, n. sp 56 

Independence fauna, Table of compari- 
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EXPLANATION OF PLATE L 

Fig. 1. DifUotkya Kewherryi Clarke. Right lower mandible, x i. 

Figs. 2, 3. PaUeaniBous Devonicus Clarke. Scales. Fig. 2, X 2 ; Fig. 3, X 10. 

Figs. 4, 5, 6. The same. Cranial plates. X 2. 

Fig. 7. Priatacanihus veiustus Clarke. Spine. Ad nai. 
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EXPLANATION OF PLATE n. 

Fio. 1. CeroHocarii Beedkeri Clarke. Showing throe abdominal segmentB and the 
telson spinea. Ad not, 
Fio. 2. CeraHocaris Bimplex Clarke, Carapaoe. Ad not, 
Fio. 3. EohinooarU WkUfieUU Clarke. Carapace. Ad not 
Fio. 4. The same. Caudal plate with two teleon spines. Ad nai, 
Fio. 5. Beyrichia Dagan Clarke. Side view. X 90. 
Fio. 6. The same. Dorsal view, x 20. 
Fio. 7. The same. Ventral yiew. x 20. 
Fio. 6. OonioHiea LiUheri OAvke. Ad not. 
Fio. 9. GoniatUet Attarte ClAike. Side view. X 12. 
Fio. 10. The same. Front view, x 12. 
Fio. 11. Orthaoera$ aciouMdm ClBtike. X2. 
Fio. 12. Orihooenu fllo9um Clarke. Ad nai. 
Fio. 13. The same. Opposite side of the same individoaL 
Fio. 14. The same. A yonnger example. Ad nat, 
Fio. 15. Orthooera$ Siehoa Clarke, x 12. 
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EXPLANATION OF PLATE lU. 

Fia. 1. Orthooeras Ontario Clarke. Jd nat. 

Fia. 2. Orthooeras Mephi9io C\Atke. X 12. 

Fig. 3. Orihoceras Aamodetu Clarke. X 30. 

Fio. 4. HifolUkes Neapoliu Clarke. Dorsal snrfaoe. Ad nat, 

Fio. 5. The same. Ventral snrfaoe. Ad not. 

Fio. 6. PdUBOtroohuB prcKurwr ClBJiki^, Adnat, 

Fio. 7. The same. X 2. 

Fio. 8. The same. Showing the stoma. X 2. 

Fio. 9. The same. View from above. x2. 

Fio. 10. lAKBonmM Noe ClBxkA. x3. 

Fio. 11. Lingula triquetra Clarke. Ad nat, 

Fio. 12. Spiiifera Pluto Clarke. X 10. 

Fio. 13. Spirifera Belphegor Clarke, x 4. 

Fio. 14. Leiorhffnoku8 (f ) Hecate Clarke, x 10. 

Fio. 15. Aulopora annectena Clarke. Ad nat. 
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liETTBR OF TBAI^SMITTAIi. 



Department of the Interior, 
United States Geological Survey, 

Washington^ 1). C, February 16, 1885. 
Sir : I have the honor to present herewith a paper by Mr. Joseph P. 
Iddiugs and myself, on the development of crystallization in igneous 
rocks, the result of an investigation of the extensive and well-selected 
lithological material collected by Mr. George F. Becker during his ex- 
amination of the Gomstock lode. 

Many field geologists have maintained that the acidic lavas and pum- 
ices occurring on or near the surface would be found changed to grnn- 
ite, if it were possible to trace them downward to great. depth. This 
has been denied, especially of late years, by other equally eminent 
authorities, who have claimed that geological periods were characterized 
by crystalline rocks, differing in composition and structural features. 

Although much has been written upon the relation between surface 
flows and deep-seated igneous rocks, the problems have never been 
solved. Indeed they could not be solved before the application of the 
searching methods of microscopical research now employed in the 
study of crystalline rocks. Few localities afford the necessary cdndi- 
tions, and noueisurpass the Washoe district in furnishing the requisites 
for a proper investigation of such questions. 

So far as I know, the results of no similar investigation showing the 
gradual transititm in crystallization under pressure in continuous rock- 
masses have ever been published. 

As the results of the work lead us to definite conclusions upon some 
important questions and bear directly upon the geology of the Com- 
stock lode, it seems desirable that they should be published by them- 
selves in a special bulletin as early as possible. 
Very respectfully,, your obedient servant, 

ARNOLD HAGUE, 

Oeologist. 
Hon. J. W. Powell, 

Director United States Geological Survey^ 

Washington^ D. C. 
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ON THE DEVELOPMENT OF CRYSTALLIZATION IN 
THE IGNEOUS ROCKS OF WASHOE. 



By Abnold Hague and Joseph P. Iddings, 



INTRODUCTOEY. 

The Great Basin of Utah and Nevada, which has been the center of 
such widespread volcanic activity, presents the greatest possible variety 
of phenomena connected with the geology of igneous rocks. Within 
this well-defined area outbursts of lavas occar, forming high, rugged 
peaks, low, monotonous ridges interspersed with broad tables, extend- 
ing for such long distances and covering such wide tracts of country 
as fairly to deserve the title of [ilateaus. Again, extravasated lavas may 
be seen as small isolated craters, as massive eruptions breaking out 
through lines of fissure and faults, and stretching out for miles along 
the base of the longitudinal ranges, or they may occur in small irregu- 
lar hills, and occasionally in narrow dikes scattered over the country 
without any apparent law as to their distribution. Probably most geol- 
ogists who have studied the region would agree that the country has 
nowhere been subjected to any extensive erosion since the outbursts of 
the greater part of these lavas. In consequence nearly all the later 
extrusions exhibit on the surface much the same features as they pre- 
sented at the time they were forced upward through the underlying 
sedimentary strata or older crystalline rocks. While the region is one 
characterized by lavas of both acidic and basic types, presenting vari- 
ous glassy forms, there occur innumerable rocks showing every variety 
of microstructure, from nearly pure glass to others not only wholly crys- 
talline but with a decided granitoid structure in the groundmass. The 
dikes which penetrate the older rocks are found in most cases to show 
a more crystalline structure than the massive eruptions or surface flows. 
This is especially the case with basic rocks; and although their con- 
Bection with larger masses can seldom be traced, the conclusion seems 
inevitable that they must form portions of the same original magma, 
crystallized under different conditions. Although there has been col- 
lected throughout the area of the Great Basin a large amount of mate- 
rial which pointed in one direction and suggested a common origin 
and close geological connection between these extreme forms of rock 
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Btractarey the subject bas Bot been before dosely studied, and direct 
proof of such an identity has been wanting. Ibis is in part owing to 
the fact (hat erosion has fhiled to cut deeply into any great flow show- 
ing variations of structure, and in part to the want of sulBcient data 
and material fh)m any one locality npon which a searching mineralog- 
ical and microscopical examination could be undertaken, whicb would 
afford the necessary proof to warrant the assertion that difference in 
structure was mainly tiie result of consolidation under varying degrees 
of heat and pressure, or an expression of the rate of cooling. 

In studying the collections of lavas from the Padflc coast volcanoes^ 
we were forcibly impressed with the insensible gradations in the micro- 
structure in the groundmass of rocks of the same mineral composition 
from a purely glassy form to one wholly crystalline, and corresponding 
exactly in structure to a fine-grained granite-porphyry. The chain of 
microscopical evidence seemed so complete that we were convinced tiiat 
the glassy and crystalline rocks were simply the extreme forms of the 
same magma, and that a highly crystalline rock brought in for diabase 
from one of the ravines of Mount Rainier could be nothing less than a 
crystalline variety of the hypersthene-andesite, which, judging from the 
collections, makes up the greater i>art of the volcano. 

In seeking a locality in the Great Basin which could afford the neces- 
sary conditions for carrying out such an investigation as we desired to 
make, showing the actual transition flx>m the glassy to the granitic 
structure, it was readily seen that the Washoe district was the only 
place offering sufficient material for the work. Indeed, there are few 
localities in the world i)re8cntiiig conditions which would permit of such 
an inquiry, and so far as we know the investigation has nowhere been 
previously undertaken, at least upon material adequate for a satis&c- 
tory solution of the problem. For the means of making this investiga- 
tion we are greatly indebted to Mr. George F. Becker, who placed at 
onr disposal the large lithological collections which he and his assist- 
ants bad gathered iu the course of their field-work preparatory to his 
report on the geology of the district. Owing to the unprecedented ac- 
tivity in mining which has characterized the district during the twenty- 
five years of its existence, we are enabled to examine the interior of the 
mountain by actual sections in a way unsurpassed in any other place. 
In addition to the magnificent horizontal section, over 4 miles in length, 
shown by the Sutro tunnel, and numerous vertical sections cut by shafts 
from 2,000 to 3,000 feet in depth, it is estimated from the official maps 
and records of the mining surveyors that over 180 miles of galleries and 
other openings have been run, and although a large part of these gal- 
leries pass through quartz and ore bearing material of the vein many 
miles of levels in exploring new ground penetrate in every direction the 
east and west country, laying bare the internal structure of the mount- 
«iin. 

^ Anierican Jounial of Science, Vol. XXVI, September, 1883. 
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If the Virginia range were split asunder across the center of Mount 
Davidson it would not be possible to gain a more accurate knowledge of 
the reprion than is presented by this net- work of underground explora- 
tions. In the former case we should get a section of the mountain down 
to the level of the surrounding plain, but now we have, by means of the 
many deep shafts, a knowledge of the lower rocks many hundred feet 
below the level of the Carson Desert. And instead of a section cut on 
a vertical plane we have a mountain honeycombed in every direction 
by the untiring miner in search after bonanzas. Thus no natural section 
could surpass it for purposes of studying internal rock structure at 
great depths. 

A mining region which has proved of such vast economic importance 
as the Comstock lode has necessarily excited intense geological interest, 
and owing to the great liberality of the National Government, scientific 
investigation of the district has gone on, with brief intervals of a few 
years, almost simultaneously with the esploita^on of the precious metals. 
The amount of geological literature on the district which has been pub- 
lished is by no means inconsiderable, and a very large share of the 
space in the reports has been devoted to a consideration of the igneous 
rocks. 

A brief summary of the results obtained by the more important in- 
vestigat6rs, including those of Baron von Eichthofen,* Mr. Clarence 
King, 2 Prof. Ferdinand Zirkel,* and Dr. John A. Church,* is given by 
Mr. Becker in his elaborate work on the Geology of the Comstock 
Lode, recently issued. Since the publication of von Bichthofen's report, 
nearly twenty years ago, followed quickly by his monograph on The 
Natural System of Volcanic Bocks, the knowledge of crystalline rocks 
has advanced with rapid strides, and the science of microscopical pe- 
trography has been almost wholly developed. In this advancement the 
study of the Tertiary volcanic rocks of the Washoe district has played 
a conspicuous part. In selecting, then, this district for the special pur- 
pose of this work, we have been guided by the knowledge that the prin- 
cipal geological features of the region are within the reach of all stu- 
dents of petrography. The results of our investigation, undertaken 
merely as incidental to a study of the volcanic rocks of the Great Basin, 
have proved so much more satisfactory and convincing than we were 
at first led to hope that we have no hesitancy in publishing them at this 
time. Moreover, the geological conclusions reached from the study of 
the lithological material are in many w:ays so diametrically opposed to 
those of our predecessors that we offer no apology for adding another 



'The Comstock Lode, etc. Ferdinand von Richthofen. San Francisco, 1868. 
' United States Geological Exploration of the Fortieth Parallel, Vol. III. ** Mining 
Indnstry.^' Clarence King. Washington, 1870. 
* Id.f Vol. VI, "Microscopical Petrography." Ferdinand Zirkel. "Washington, 1876. 
* The Comstock Lode, etc. John A. Church. New York, 1879. 
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brief paper to the loftoy already pabU«hed o^ 
district 

Kr. Becker, in agreenient with his predeoessorSi divided the igneoiHi 
socks of Washoe into Tertiary and Pie-TerUaiy species, diflSsring with 
them widely, however, as to where the lines should be drawn, and add- 
ing one or two more varieties of Pre-Tertiary rocks to those already 
recognised. His work possesses the very great advantage over the la- 
bors of those who preceded him, in that not only the Snttro tnnnel, bat 
all the deeper shafts and galleries were accessible to him, a large 
amonnt of ground having been opened since the earlier geological in- 
vestigations were made. This recent material is of great value. T|be 
rocks obtained from these lower workings, when snltjected to mioato- 
scopical examination, so closely resemble in structure the so-called Fre- 
Tertiary types, that Mr. Becker extended the domain <tf the '< older'' 
rocks over a considerable area at great depths below the surfiuse. This 
same material from the deep-seated localities alfords, it seems to us, 
abundant evidence that the so-called Pre-Tertiary and the Tertiary 
rocks pass by insensible gradations into one another, and that evidence 
of a difference in geological age is wholly wanting. 

Mr. Becker classified the rocks under the following heads : Grwular 
dlorite, porphyritic diorite, micaceous diorite-porpbyry, quartz-porphyry, 
earlier diabase, later diidtose, earlier homblende-andesite, augite-and^ 
site, later homblende-andesite, basalt 

Bepresenting these rocks from all parts of the Washoe district, we 
have had placed at our disposal more than two thousand hand speci- 
mens, six hundred from the surface, and over fourteen hundred from 
underground. From this collection there are now more than five hun- 
dred thin sections, including a number recently prepared to fill up cer- 
tain gaps in the chain of our argument. Of these specimens those from 
underground, with the exception of the Sutro tunndi rocks, were col- 
lected mainly within the immediate neighborhood of the Gomstock lode, 
while the surface specimens are confined to an area about 5 by 7 miles 
in extent. 

Let us begin our analytical work by submitting the rocks to a search- 
ing microscopical and macroscopical scrutiny, to show what points of 
agreement exist between the so-called Pre-Tertiary and Tertiary erup- 
tions, comparing rocks of the same mineral composition with each other. 



DIABASE AND AUGITE -ANDES ITE. 

In considering the relation between these closely related rocks we 
will first make a comparative study of the thin sections prepared from 
both series. In the collection there are about one hundred and forty 
thin sections determined as unquestionably diabase or augite-andesite, 
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and of these aboat twenty from each have nnilergone too much decom- 
position to allow of a satisfactory study of their feldspars, although they 
evidently agree in general characters with the fiwher sections of the 
same class of rocks. Of the remaining one hundred thin sections forty 
were classed as diabato and sixty a9 augite-andesite. 

Upon examining them somewhat hastily under the microscope two 
points are brought out in the most impressive manner. The first is the 
absolute identity in the nature and occurrence of the mineral constit- 
uents of the two rocks, and the impossibility of distinguishing many of 
those classed under one head from those classed under the other ; the 
second is the gradual transition from a microlitic glassy groundmass 
to one holocrystalline, and from a microcrystalline groundmass of the 
minutest grain to one in which even the smallest grains are recogniz- 
able in thin section with the aid of an ordinary pocket lens. In study- 
ing them they may be arranged nnder eleven heads, according to the 
size and development of the grains of their groundmass, placing those 
with glass base at one end and those of the coarsest grain at the other. 
The different grades of crystallization maybe stated approximately as 
fbUows: 

1. Groundmass consisting of colorless glass, through which are scat- 
tered relatively few microlites of feldspar and pyroxene, and magnetite 
grains with contorted trichites. Porphyriiie crystalSj abundant plagio- 
dase valuing from 3"". long to very small size, averaging 1 or 2""" long ; 
pyroxene crystals less numerous. Example, thin section 50. 

2. Oronndmass of colorless or light-brown glass crowded with mi- 
crolites of feldspar and pyroxene, and magnetite grains, showing a typ« 
ical "felt-like" structure. Porphyritic crystals the same as in grade 1. 
Examples, thin sections 239, 426. 

3. Oronndma^^ holocrystalline, comx)Osed of feldspar microlites, and 
indistinct grains about .005"™ in diameter, with grains of pyroxene 
and magnetite. Porphyritic crystals as in grade 1. Example, thin 
section 422. 

4. OroundmasSj holocrystalline, composed of feldspar microlites and 
grains of pyroxene and magnetite, the cementing material being crys- 
taUized in irregular patches with uniform orientation for the space of 
about .03"". Porphyritic crystals as in grade 1. Examples, thin sec- 
tions 121, 122. 

5. OroundmasSy holocrystalline, the same structure as in grade 4; 
but the indistinct patches about .05"" in diameter, though not of uniform 
size throughout the thin section. The feldspar microlites measure 
about .02"" long. It is sometimes composed of grains from .01 to .02™"* 
in length with feldspar microlites. Porphyritic crystals as in grade 1. 
Examples, thin sections 35, 420. 

6. OroundmasSy holocrystalline, the same structure as in grade 5 ; the 
patches averaging as high as .l"**", full of feldspar grains .01""" iu di- 
ameter and feldspar microlites .05™" long by .01"*" wide. Porphyritic 
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crystah, abuiulaut plagioclase varjiiig iu djffereut thin secUoDS irom aa 
average of l.ij™"' to 2.5"""; pyroxene aa in the precedlog. ExampleSf 
thin sectioaa 125, 389. ' 

7. OroundmaHt, boIocrystaUine, composed of feldqtac microliter aboat 
0.1™' loDg with granitoid grains of feldspar and quarts from .Ol""" to 
.(W"" in size, togetiier witU gvaiiis of pyroxene and magnetite. Forphy- 
ritic crystals, plagioclase average about 2.5°"°, and begin to lose thft 
sharpness of their outline. The same is true for the outline of the 
pyroxene sections. Esitrnplea, thiu sections 109, 441. 

8. Oroujidmass, holocrystalline, composed of granitoid grains of feld- 
spar uud quartz about .06"°' iu diameter, and lath-shaped plagioclase, 
in variable proportions, besides pyroxene and magnetite. Porphyritie 
crystals, plagioclase S-S""* and smaller ; the ontlines of some rather in- 
distinct; pyroxene as iu grade 7. Examples, thin sections 53, 173, 

9. Groundmass, hoIocrystaUiDe, granitoid grains of about 0.1°'°' and 
ill-defined lath-shaped plagioclase. Porphyritie crystals, plagioclase of < 
3™ and smaller, some with very irregular border ; pyroxene as iu grades 

7 and 8. J^xajuple, thin .motion 215. 

10. Oronndntan, holocrystalline, granitoid grains, about 0.1"- in bIm, 
with porpbyrltio erystals nearly eqaaUng the gnnmdmasa in amount. 
Porpiyritie ory$tab, plagioclase 3.5* and amEdler; pyiozene abowing 
little change. Example, tbin section 6S. 

11. Oroundnuat, bolocrystalline, composed of plagioolase feldspar of 
1.6"* and smaller, with fewer granitoid grains of about 0.1"", In 
places it shows fine pegmatoid structure, formed of qoartz and plagio- 
clase, snrronnding plagioclase crystals. Porp^ntie erystaU, plagio- 
clase 3°" long ; the sluuTply-deflned zonal structure of the main moss 
of the crystal sarronuded by a poorly-deflned border of feldspar, which 
loses itself among the adjacent grains; pyroxene, sometimes in well- 
deflned, frequently in irregular-formed, crystals. Example, thin sec- 
tion 213.* ' 

'Agreeing with ProfeMor Boeenbiiecb in i^neral aa to tbe origin of gmmilar and 
porpbyritic Stmctarea in eruptive rooks ; " Ueber das Weaen der komigen nud por- 
phyriachen Structur bei Masaongegteinen " in Neuea Jahrbnch, IB88, II Band. We 
would briefly define the etruotnral terms Uieil tbroagbont this paper u foUowa : 

Granular.— The itructnre presented by an aggregation of grains of nearly the same 
size, or an aggregation in which there is « range in the size of graia, hnt with sach 
agradual traDsition that no particolarindividoal standaout from the others in strong 
oontraet. 

GraHlloid.—A. slrnotiire In which tbe grains have an irregular form, prodaced by 
the mntual interference of adjacent crystola during their growth. The stmctare 
common to normal gran i tea. 

Porphyritie.— The atmcture which is prodaced when more or lees well-defined ciyo- 
tals ace imbedded in a gronndiDoss, which ia either glaaay or bolocrystalline, com- 
posed of crystals or grains of mnch smaller size tlian the imbedded crystals. 

Ptgmaloid. — The stmcture prodnced by the intergrowth of two or more minerala, 
usually quarts and feldspar, in snch a manner that when wen in thb section they 
^ (134) 
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lu other words, we see that the porphyritic crystals show but slight 
modification in the different grades, the sharp outlines of the feldspars 
and pyroxenes being lost as the grains in the groundmass become larger, 
the nature of the inclusions in the feldspars also varying, as noticed 
further on. The essential variation takes ^lace in the groundmass, 
which starting with a glass bearing few microlites, grows richer in them, 
then crowded until a very small amount of glass remains as a cement- 
ing base. This may be crystallized in microscopically cryptocrystalline 
particles, whose mineral composition is not determinable. As the size 
of the grain increases the cementing material assumes the appearance 
of uniformly oriented patches which, with increasing grain, are found 
to be in part quartz. In the higher grades the microlites have larger 
dimensions, and the cementing grains a granitoid form with or without 
pegmatoid structure. 

In the highest grade (roacroscopically a fine-grained porphyritic rock) 
it is difficult to draw any line between porphyritic crystals and ground- 
mass, the more or less well-defined feldspars ranging from 3°"° in length 
to the size of the average granitoid grains of feldspar and quartz. 

It is interesting to notice the appearance of a small auiouut of quartz 
as the last crystallizing mineral in the coarser-grained varieties of this 
pyroxene rock. It corresponds to the free silica, which remains after 
calculating the theoretical mineral composition from the chemical analy- 
ses of this rock, the excess being from 3 to G per cent. 

Though the difference in the degree of crystallization between any 
two divisions of the scale is so slight, yet it represents more than actu- 
ally exists, for the forms pass by imperceptible gradations into one an- 
other. If now the thin sections of both rocks are arranged according 
to this classification in columns as shown in Table I, we get at a glance 
some very striking results. 

appear as gronps of grains of niore or less regular form, each group having one optical 
orientation throughout. It is similar to the structure in graphic granite. 

GranopAj^f.— The variety of pegmatoid structure in which the intergrown minerals. 
are arranged in radiating, plumose or feather-like forms. 

Microcrystalline, — ^An aggregation of crystalline grains which can only be recog- 
nized as such by the aid of the microscope. This includes many rocks which would 
be macroscopically cryptocrystalline, aphanitic, or lithoidal. 

MicrocryptocryataUine, — An aggregate of crystalline particles sosmaU that the high- 
est magnifying power fails to resolve them into individual grains. 
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It appears that the coarsest-grained rooks with a vell-defiaed grann- 

lar stmctnre are fonnd only in the so-called diabase, while the extreme 
forma of andeslte, ag seen in colnmn 8, show a tendency to a develop- 
ment of the same stractaro. On the other band, the glassy and crypto- 
vryatalline varieties are confined exclusively to the andesites. More- 
over, the rocka of medinm grain include mnch the larger number of 
thin sections from both series, the greater part of the diabase show, 
ing a coarser structure tbau moat of the andesites, with, however, only 
a difference of about .02°^ in the aize of grain. Xow, each of the five 
grades (4 to S inclusive) lor one rocli hat its exact counterpart in the other 
in size and shaiie of grain and structure of gronndmass. On comparing 
the thin sections it becomes apparent that not only is the groundmass in 
each rock ubttolutely the same, but the itorpbyritiu crystals are identi* 
cal, giving the same results to every po^iLite test that can be applied. 
Thvy couaist of the aamo species of tricliuic feldspar, pyroxene, and 
occnsioual bonibiende. The feldppnra in rocks of correspniidiug grade 
present the same outlines, striations, similar extinction angles, zonal 
structure, and tlie same amount and character of incluaious. So mtich 
slKSS ha^ been laid upon the nature of tlie iucIuBious in the feldspars^ 
that an exhaustive study was made of them, comparing tbin sections 
from rocks of tbe same degree of cryatallization without discovering 
any dilference. In each thin section tbe indiviilual feidapara exhibit 
great diversity in the nature and amount of their inclusions, some bear- 
'lia acattered rectangular glass bodies, others abundant smaller ones 



'■ Geology of tho Conislock Loilc, puge r>fl. 
(130) 
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with rounded outlines, others being rich in grains of pyroxene and mag- 
netite, others, again, combining all three, or, what is by no means uncom- 
mon, being nearly free from all inclusions. Fluid inclusions which might 
be considered primary are scarce in the medium-grained rocks, but were 
not found more abundantly' in the "diabase" than in the andesite. As 
might be ^jupposud, glass inclusions in the feldspars are more numerous 
in the glassy and finegrained rocks, but upon careful search they may 
be observed in every thin section of the "diabase,*' from the tinest to 
the coarsest. No line of demarca*^ion can be drawn between tlies<» rocks 
based upon the glass-inclusions in their feldspars. In general, however, 
it may be said that the number of glass-inclusions decreases with in- 
crease in the degree of crystallization. In other words, they are a func- 
tion of crystallization. This includes all thin sections given in the 
table, those in which the feldspars are clouded by decom[K)sition being 
unfit for such a study. The fresh pyroxene consists of the same hy- 
persthene and augite in both rocks, the hypersthene equaling or ex- 
ceeding the augite in amount, and being the first to yield to decompo- 
sition. 

- Owing to the number of thin sections from these rocks and their 
various degrees of alteration, it is easy to trace the decomposition of 
hyi)ersthene through all its stages, the augite in the same section re- 
maining intact.^ 

This investigation leads then to the conclusion that in the thin sec- 
tions of both rocks of the same degree of crystallization not onlj- is 
the composition and structure of the groundmass identical, but that 
the relative abundance, size, and character of the porphyritic crystals 
scattered through this groundmass are the same. 

Arranging now the hand si)ecimens from which the thin sections were 
prepared in rows with the diabase and augiteandesite of the same de- 
gi-ee of crystallization opposite each other, their macroscopic characters 
are seen to be identical. They agree in color, texture, fracture, and 
I)orphyritic crystals. Variations in one rock arising from stage of decom- 
position and amount and size of porphyritic secretions find their exact 
counterpart in the other. The conclusion then is inevitable that the 
greater part of the diabase is identical microscopically and macroscop- 
ically with the greater part of the augiteandesite and presents the 
transition between the glassy forms at one extreme and the coarsely 
crystalline forms at the other, and further, that the presence of a largo 
percentage of hypersthene removes these rocks from the type of augite- 
andesite, properly so called, and places them under the head of pyroxene- 
andesite. 



•Notes on the Volcauic Rocks of the Great Basin, American Jourual of Science, 
June, 1884. 
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80TB0 TUimXL SECTION. 

HaviDg confiiUy ezamiDed aUtbeepecimensiatbecoUeetioDcIaaMd.' 
MB diabase and aagite-tuideate, and aliown tliat they belonii; to identioil •' 
rock masses, lot ae now take np and Btuily step b,v Htep the traiisitiou 
Thick ocunra iu n contiBnons rock mnss along u definite tine. ' For thia -, 
work tfae Satro tnnnel, eODBtnict«cl for the puiposeof dminitigtlieOnm- i 
stock lode, fumiidies an exceptionally fine g;eo]ogical section tliroagU r 
20,400 feet, or nearly i utiles, of igni^uuH rouka lyiu^ oast of ihi* vviu. 
The tannel enters near tbe lower foot-Uills in OarttOD V»lli-y, »iid niiiH a 
little nortli of wpst, approximately at riglit aiigl^n to tliu course ot" ihe 
vein and trend of the range, and directly toward Uonnt Davidiiuii, tbe 
highest and largest mass of the mouutaia group. Probably few lines 
coald bare been selected more advatitagpDii8ly situatod for mbihitiiig 
the stmctare of the region. A collection of rwn linnilipil uihI Krvi'iuy 
specimens, careftilly selected at intervalH of Imi ivci :iTtil ll'^^. iu^i-iIj.t 
«ith tbeir nomeroos thin sections atadled in connection with tbe sar- 
face rocka immediately above gronad, shows clearly tbe different kinds 
of rock which the tunnel penetrates and their vanattona in stractorv. 

Referring to Sheet YI of tbe Atlas* we observe that,starting from the 
month, tbe tannel. according to Mr. Becker, passes tbrongfa later horn> 
blendeundeaites with occasional masses of older augite-andesite, and 
at 10,000 fuet enters the main body of tbe latter rook. Thin seotionfl 
from aboat this point show it to bo holocryHtalliiic, of the grades 
4, 6, and 6. Tbe rocks for tbe next 2,000 feet are much decomposed, 
many of them full of pyrite. Between 11,400 and 11,700 feet oc- 
cors a dike of dense white rock, resembling a broati dike met with 
ftirtber in the tunnel. From 12,000 to 13,700 feet tbe andesites show 
more or less alteration, the porpbyritic crystals being small, and tbe 
iron magnesia silicates indoterminable in the liaud specimens. Of tfae 
five rocks iu this part of tbe tunnel, of which wc huve thiu sections, 
fonr carry hornblende associated with pyroxtue, two showing a largo 
amount of tbe former. At 13,700 feet a dike of quart z-beanug hotu- 
blende-pyroxeue rock is met with possessing quite a different gronnd- 
mass structure from that of the audesite through which it cuts. Be- 
tween 13,800 and 13,000 feet another white dilce occurs like that already 
mentioned, followed by a horn bleude- pyroxene rock of coarse grain 
(grade S). Here the tunuel cuts a dike 1,400 feet in width of a dense 
white rock carrying relatively few porpbyritic crystals of feldspar and 
still less mica, but without hornblende or pyroxene, and having a 
groundmass-structure wholly unlike any found iu the andesites. In the 
Sutro tunuel section this rock is indicated by lines of shading denot- 
ing solfatadc action, but it is quite evident that it is younger than tbe 
andesite, as it is found penetrating if. The rock in every way corre- 

1^ ^Geology of the Comatock Lode. Atlaa, Sheet VI. 
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sponds io structure to the so-called felsitic quartz-porphyry from the 
surface uear Eoux's ranch aiitl the Red Jacket mine. 

Following this dike of white rock the next 1,000 feet of the tunnel 
cuts through augite-andesite, the nine thin sections of which range in 
grades of crystallization from four to seven, three showing hornblende. 
At 17,100 feet a characteristeric rock is met, rich in fresh, brown horn- 
blende, and having the same microstructure as the andesites previously 
observed (grade 7), yet so much less altered than the surrounding rocks 
on both sides that it seeuis evident that i occurs here as a dike. Ac- 
cording to the published map section, however, there begins here a 
continuous body 1,301) feet in width of horn bleude-audesite, but the 
hand specimens studied inarroscopically show it to correspond in every 
particular to the angite-aiidesite; and of the eleven thin sections from 
this body, with the ex(teption of the fresh rock above noticed, only two 
show small amounts of hornblende, the remaining eight not carrying any 
that could be definitely determined. They range in crystallization from 
grades 5 to 8 eight, and have the same microscopical character as the 
augite-andesite to the east. It appears to be cut in three places by 
mica-hornblende rocks differing essentially from the surrounding ande- 
Bite, and corresponding in microstructure and mineral composition to 
the so-called mica-diorite from the head of Ophir Kavine (thin section 
459). Referring again to Sheet VI, it will be seen that the tunnel after 
passing through the body represented as hornblende-andesite enters 
the diabase. Again, hand specimens from several hundred feet upon 
each side of the supposed line of contact are indistinguishable from one 
another, and the thin sections show identical structure and the same 
degree of crystallization. 

Examining now the twenty-seven thin sections from the diabase cut 
by the main tunnel and the north and south branches,'^ the first of which 
is 4,400 feet, and the second 4,000 feet in length, they are seen to vary 
in degree of crystallization (with one marked exception) |pom grades 
5 to 10, averagings, or two grades higher than the averagll of augite- 
andesite. In the hanging wall w^est of the Savage mine connection 
the tunnel goes through diabase, and again also west of the vein, 
then passing through diorite it again cuts diabase 180 feet west of the 
Savage connection, and at the end encounters a mica-diorite like that 
observed further to the east. An. examination of the thin sections re- 
cently made from the diorite showed in one case that the iron magne- 
sia silicates, now completely altered to chlorite, were pyroxene and not 
hornblende, and in the other two cases, while their original nature is 
not determinable, the microstructure of the rocks is the same as that of 
the most crystalline diabase. 

Let us reject for the present the thin sections which represent the 
dikes or later intrusions cutting through the main rock mass, and place 



^0 Geology of the Comstock Lode. Atlas, Sheets VlII and IX. 
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tbe otliers id oolamna (Table 11] according to the scale of crfstaUizatioD^ 
already adopted, airaDging tbem in the order iu ^iv-tiieh Qiey occur ia 
prooeedmg&otn the moatb to tbe head of tbe taDoel. 

Tablh ll.~GraSM of ergitallltatiM. 
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The important poiuts clearly brought out by the table are, first, that 
there is ia general a gradual increase in the degree of crystallization of 
the rock from the outer foot hills as the tunnel approaches the central 
<*oro of Mount Davidson ; second, that while the rocks classed as augite- 
andesite occur more at the lower end of the scale, and the diabase at 
the other, by far the greater part of both rocks overlai) each other in the 
intermediate columns, and are indistinguishable from one another. The 
glassy forms of pyroxene- andesite, abundant enough on the surface, are 
unknown in the tunnel. It is worthy of note that as the north branch 

• 

aj)proache8 Mount Davidson there is exhibited a tendency toward a 
coarser crystallization, while on the other hand the south branch, as it 
turns away from the central mass, indicates an equally strong tendency 
to a finer-grained structure 



GRANULAR DIORITE 

Reference has been made in the text and in Table II to the diorite 
at the head of the Sutro tunnel upon the west side of the Comstock 
lode, which we have placed with the pyroxene rocks. This rock, classed 
by Mr. Becker as granular diorite, forms the cast front of Mount David- 
son and presents the most conspicuous topographical feature in the dis- 
trict. Of the three specimens of granular diorite from Mount David- 
son having thin sections only one (213) was originally determined as 
unquestionably diorite, the others being left donbtiul. Thin sections 
recently prepared from three typical localities, namely, the summit of 
Mount Davidson (488), Ophir Ravine (489), and the Sutro tunnel (507 
and 508), show that they are identical with those previously examined. 
Moreover, they agree in every particular of microstructure and mineral 
character with the coarsest-grained pyroxene rock found to the east of 
the vein from the north branch of the Sutro tunnel (55) and the C and 
C. shaft (27). 

The light-green, fibrous hornblende shows its uralitic nature by 
having the characteristic eight-sided outline of pyroxene in cross-sec- 
tion. Both the diabase from Oi)hir Ravine (210) and the diorite from 
the Savage mine (403) show the transition of the pyroxene into fibrous 
hornblende. While both rocks are at present horn blend ic, it is evident 
that their hornbleu<le is for the most part secondary', and that they are 
coarsely crystalline pyroxene rocks with the hyi ersthene and augite 
altered to uralite." 

The identity of the granular diorite with the coarse-grained diabase 



"The diorite from Ophir Raviuo (40th Parallel Collection, No. 22620, thin section 
157) shows both uralitic liorublonile and iibroiis hornblende, which appears to have 
resulted from primary hornblende. 8ome of the p a^ioclase bears minute pjlass in* 
elusions ; the groundmass shows fine pegmatoid structure. 
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is well broaglit oat ou comparing tbin sections 507, 508, 488| 480, 213, 
214, 300, and 463 of the former with 14, 280, 216, 216, 27, and 65 of the 
latter; also ou comparing baud specimens 109, 215, 303, 667, 568, and 
1126 witb 307, 264, and 364. 

The difflcoltj of distinguishing between these rocks seems to have 
been realized by Mr. Becker, for he admits that the gray granular 
diroite may be mistaken for granular diabase ;^* and again, in speaking 
of the locality in Ophir Uavine,*^ says: '^Tbis bears a very strong out- 
ward resemblance to a granular diorite, and it seems impossible to make 
out a sbarp contact between the two rocks. I am by no means sure that 
it should not be regarded as a local modification of diorite rather than 
an indei>endent eruption." 



PORPHYRITIC DIORITE AND EARLIER HORNBLENDE-ANDESITE. 

If we arrange the surface specimens on a table as nearly as possible 
in accordance with their relative positions on tbe map, we are at ouco 
impressed with the similarity between those labeled diorite and many 
classed as andesites and with the difficulty of establishing any line of 
demarcation between the two rocks. Another remarkable fact is the 
gradual transition from the most crystalline forms of which Mount 
Davidson is chiefly made up, outward as from a center to less crystal- 
line and glassy varieties. 

It soon becomes evident, upon a cursory examination carried on in 
the same manner as in the study of the proxene rocks that the difterent 
varieties of i>orphyritic diorites have as to macroscopical habitus their 
exact counterparts among the earlier hornbiendeandesites. The foU 
lowing surface specimens may be cited for the purpose of comparison : 



Diorite, Uornblcnde^ndesiie, 


481 


like 


157. 


478, 474 




493. 


125 




439. 


483 




211,78,528,531. 


48*2 




213. 


306 




11«. 


449,312 




486,487. 


185,477,41 




225, 184, 158. 


59, 479, 42, 40 




217. 


r>5H 




494, 532, 5:«). 



Every variety is here represented ; there may be found those with 
large i)orphyritic crystals, and those with very small ones, rangiii*]^ 
from much decomposed to quite fresh forms. They agree in texture and 
color of grouudmass, in character of fracture and mode of weathering. 



^*Loc, cii.f p. 39. 1^ Loc. ciV., p. 197. 
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and in size and relative abundance of porpli^'ritic crystals. In a word, 
by eviery macroscopical test that can be applied they are indistinguish- 
able in the hand-specimens. Taking up now the sixty thin sections rep- 
resenting the surface collection of both these rocks and hubjecting them 
to the same comparative microscopical scrutinj- applied to the pyroxene 
rocks, they still fail to present any distinguishing features. The ground- 
mass of the porphyritic diorites varies from cryptocrystalline to micro- 
crystalline, formed sometimes wholly of lath-shaped microlites, others 
having a granular structure with.microscopic feldspars scattered through 
it. Now, for every variety of groundmass among the porphyritic dio 
rites froui the surface there can be found among the andesices identical 
rocks of the same degree of crystallization, corresponding in structure, 
size of grain, and mineral composition. The same identity holds good 
for the porphyritic crystals ; the feldspars show the same inclusions, 
and the hornblendes and pyroxenes present precisely similar characters 
in both rocks. Quite in accordance with the observations upon the 
pyroxene-andesites there are a few hornblende-andesite sections which 
show glass in the ground mass, and at the same time a corresponding 
increase in the amount of glass-inclusions in the feliispars, but by far 
the greater number of rocks represented are holocrystalline. 



MICA-DIOKITE AND LATER HORNBLENDE-ANDESITE. 

Tlie rocks classi^d by Mr. Becker as later hornblende-andesite** we 
prefer to call hornblende mica-andesite, for the reasons that they are 
characterized in distinction from the earlier hornblende andesite by an 
abundance of micta as an essential ingredient, and are at the same time 
more acidic in composition; and while the name later hornblende- 
andesite answers well enough for the Washoe district, it is hardly ap- 
plicable in other regions of the Ureat Basin where these rocks frequently 
occur, forming large extrusions without any association on the surface 
with earlier hornblende-andesite. The specimens in the collection vary 
greatly in the abundance and size of porphyritic crystals, in texture and 
color of groundmass, as well as in the relative proportions borne by the 
constituent minerals to one another. This variation in habitus is greater 
than in either hornblende or pyroxene andesite. The mineralogical fea- 
tures and diversity of habitus have been well described by Mr. Becker 
in his monograph. 

The mica diorites are few in number and represent comparatively 
small masses scattered over the surface or exposed by the underground 
workings of the mines. Nevertheless when considered in connection 



'^ These rocks are the " tracliytes '' of Barou von Riclitbofen, Mr. Clarence King, ami 
Prof. Zirkel. Mr. Bj^eker lias shown that according to the modern classification now- 
general I y adopted by lithologists they belong to the andesite gronp. 
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with tbe otber mica bearing Oiorites in tlie collectioti tlie.v form n tnneV^ 
largt^r cla«», preseutiug au fqaally rarieil structure und eomjxtHitioiif 
and foreacb vnridtiot), witb tbc excepliun ortbuiiiorecryiittilltuvlortUKi 
Ilio vxHct coiiiiterpnrt may he tuuii<l nnioiig tbe lutfr tioniblt^ml^Hlido- 
Bites, li.v jihiciiig tbe corresixnKliiig forma in inirnllvl rows, as in tbo 
easi> of tbe Oinrites ami earlier boniblendc audcsites, it is found quite 
impossible lo <liHriiiguiKti theiu, ibe creat VHriatiMii iu uiacruscopicat aji- 
pearaii(!e bringing out nil tlif iiinre forcibly rlic abMiInto identity of tbo 
two i-ocks." 

Tbe tbiii ML'ctioiiH clearly sbow lite suuiu i>orres|iuii(lei)ce in inlnuto_ 
nimctui-e, iiitbougb a Iborougb (tomparative stndy is not always possi- 
ble, as tbe sections from tbe mii-a- bearing diorites an- mainly from un- 
derground s|iecimenHexbibttiiigniorc or leiwdeconi position, n-bile tbntw 
from tbe later liorueblende-andeiiltes are for the most part frefib. Tin* 
only thin section (No. 101, 1,000 feet from the Silver Hill miin) uf tbe 
tine grained miua-diorites in wbivb tbe fvlilsparu 8till remain nuattucltiil 
exbibitR glass iucliisiona in the frrsii feldspars, and iu tbe reluti^'ely 
coarHe- grained varieties (gradeeS, !t, 10) Ibeymay bo seen in profusion, 
while tbey are almost wholly wanting iu those of tbe coarsest grain 
(grades 12, 1^, 14) which abound iu liquid iuclusiona, na might be HUp- 
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posed. In tUia seriutt ui mcks jilso we see tliHt the rauge from glass to 
liquid inclusions viiries njtU the degree of crystullization, ns already 
rtbon'M. 

These last three gradeii of erysttllizatiou have the following chiinic- 
tcristics, it being borne in mind that the iron niagnesia silicates in the 
aeries in question difl'er from those of the series described on pages 13 
and 14. 

Grade 12. — More or lesn welUleflned crystals of plagioclase, 3.5"'" 
and smaller, with very irregnlar patches <if mica and hornblende, in a 
gronndmoRs of most irn'gnlar'y sbaiied, interlocking grains of feldspar 
and quartz, whieh range from 1.8™™ to ©.C""" in diameter. Example, 
thin section 2IH, 

Grade 13. — The average size of the granitoid grains somewhat larger 
than in grade 12, and tixcee<liug in many ca,se8 the size of the better 
outliae4l crystals. Kxamplo, thin section 460, 

Grade 14. — A Ihoronghly granitoid structure to all the mineral cou- 
fititneuts, whi<rh rnnge in ."ize from ■t.5'""' to others quite small, the 
greater part of thom averaging as high as 1.5""". Example, thin sec- 
tion 263. 

Arranging the thin sections according to their degree of crystalliza- 
tion (Table III), the scale adopted lieing apjim^imately the same as 
that given in the table for the pyrosene rocka, the relaiion of the later 
homblende-audesites to the mica- bearing dioHtes will be seen at a 
glance: 

TaDI-B hi.— (JrnrfM "/ ern-talliialion. 
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The extreme glassy form represented in the table of pyroxene rocks 

does not happen to occur among the thin sections of hiter horiiblende- 

andesite, but a large proportion of them represent a glassy groumlmass 

crowded with microlitcs, while till of them belong at one end of the 
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series. On the other hand all of the so-called mica-diorites possess » 
holocrystalliue irroaudmastt, rauge from finely mierocrystalline to a 
macrogrannlar or granitoid stractare, in which the smallest grains are 
visible to the naked eye. They reach a somewhat coarser grain than 
was recognized among the pyroxene rocks, the scale being extended 
fh>m eleven, in Table I, to fourteen grades. As indicated in the table, 
the three highest gnides of the andesite correspond to the three lowest 
of the diorite and are identical with them in microscopical detail. More- 
over more than one-half the thin sections examined fall within these 
three grades. A separation of the two rocks from a petrographic stand- 
point seems to us quite impossible.^^ 



QUABTZ-PORPHYBY, DACITE AND BHYOLITE. 

Baron von Kichthofen, in his study of the Washoe district, evidently 
))aid but little attention to these rocks and dismissed them with brief 
mention, regarding them as of slight importance in questions bearing 
upon the geology of the vein. He considered them, however, as earlier 
than the Tertiary volcanic lavas. Mr. Clarence King, after careful ex- 
amination of the field, referred them upon geological evidence to the 
Tertiary series, and Professor Zirkel, after a microscopical examination 
of the thin sections, determined them ns belonging to both dacite and 
rhyolite. The results of Mr. Becker's investigation led him to the con- 
ckision that the absolute uniformity of the rock masst^s precluded their 
separation into Tertiary and Pre-Tertiary eruptions, while geological 
observation and an examination under the microscoi>e of certain speci- 
mens, following the same methods of reasoning as adopted for other 
rocks, induced bim to agree with von Richthofen as to their age. From 
our own knowledge of the district *^ and close study of the specimens 
and thin sections we have arrived at the conclusion reached by Mr* 
King as to the age of this series of rocks, and ap;ree with Professor 
Zirkel as to their specific determinations. 

Omitting for the present the geological evidences bearing upon the 
age of the rocks plotted on the Washoe map avS quarlz-porpliyry, let us 
first consider their microscopical and macroscopical habitus. Tbey are 
for the most part rich in porphyritic crystals of quartz, feldspar, and 
mica, with some hornblende, but vary greatly in the relative proportions 



^« Similar petrographic relations apparently exist among the rocks of the Banat 
described by J. Niedzwiedzki in an article entitled "Znr Kmutniss der Banater 
Eruptivgnstoine." Tschermak's Mineralogische Mittbeilungen. 1873. iv, 255-261. 

" One of the wrifew of the present article was geological assistant to Mr. Clarence 
King when he made his study of the Comstock mines in the winter of 1867-'68 and is 
quite familiar with the occurrence of the igneous rocks of the Washoe district. 

(146) 



HAOOT AHD iDDnros.] BASALT DIKE IN MOUNT DAVIDSON. 27 

of these minerals. Those with few quartzes, but rich in feldspar, plagio- 
clase being in excess of orthoclase, accompanied by much mica and less- 
hornblende, correspond to dacite in mineral composition, and refc»emble 
the dacites from Mount Prometheus in the Toyabe Bange. In otl)ers, 
characterized by abundant quartzes, plagioclase seems occasionally to 
predominate over ortboclase; but in most of them the latter feldspar 
is in excess, particularly in those poor in mica and hornblende. The 
region is one where not only both dacite and rhyolite occur, but one 
where the transition members are well represented. 

In macroscopical habitus they exhibit great Variations, arising from the 
abundance or scarcity and size of the porphyritic crystals, and from the 
color and density of the groundmass. Many hand specimens are per- 
fectly fresh and show the brilliant sanidius so characteristic of the 
dacites and rhyolites of the Great Basin, and a microscopical examina- 
tion proves conclusively their identity. The groundmass of many of 
them often shows within the small area of a square millimeter the great- 
est diversity of structure, being partly spherulitic, axioltic, and micro- 
crystalline, with glass either clear or clouded (microfelsitic), presenting 
elongated, curved i)atches and streaks, a structure described in great 
detail by Professor Zirkel in his monograph on microscopical i)etrography 
already mentioned. The porphyritic quartz contains in most cases only 
glass, less frequently liquid inclusions, the latter, however, occurring in 
greater numbers than is usually met with throughout the Great Basin. 
As these rocks are somewhat removed from the center of mining ac- 
tivity, there are no good underground exposures, iind in the few places 
where they have hapi>ened to be cut in exploration they show so much, 
decomposition or occur so finegrained as to ofier very little variation in 
degree of crystallization. It may be said, however, that there exist no* 
petrographic distinctions between these rocks and many of those found 
in the ranges to the eastward. We consider them as partly dacite and. 
partly rhyolite, and, judging from the specimens in the collection, with- 
out any sharp line of demarcation between them. 



YOUNGER DIABASE, BLACK DIKE, AND BASALT. 

The rock considered by Mr. Becker as younger diabase and of Pre- 
Tertiary age is nowhere recognized on the surface. It only occurs as a. 
narrow dike in the immediate neighborhood of the Comstock lode, where 
it has been followed for njore than a mile along the lower levels of the 
mines. In the upper levels it has undergone so much decomposition 
that little could be made out of it by the earlier investigators, and for 
years mining engineers have designated it simply as the ** black dike.^^ 
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AccordiDg to Mr. Becker, who has given careful attention to the occur- 
rence of this rock, it has not been traced north of the Savage mine, but 
thence south to the Overman, " it generally marks the contact between 
the older diabase and the west wall with precision." *® It extends as far 
south as the Caledonia, presenting everywhere great uniformity, and 
never measuring more than G feet in width. The rock was represented 
by only three thin sections, showing but slight variations in structure, 
and composed of triclinic feldspar, augite, magnetite, and what Mr. 
Becker described as "clouds of a smoky brownish substance" which he 
did not determine. Now it is quite evident that much of this substance 
occupies spaces with the six sided and lozenge-shaped outlines charac- 
teristic of olivine; this is well shown in thin section 274. Two new sec- 
tions from the Yellow Jacket (1278) and the Belcher mines (1322) show 
in the former a coarser grain and in the latter a much finer grain, hav- 
ing a large amount of fine-grained groundmass with small porphyritic 
feldspars, augites, and decomposed olivines, the typical structure of 
many Nevada basalts. 

The five thin sections, arranged in the following order, 609, 466, 289, 
274, 511, present a gradual transition froto coarser to finer grain, the 
porphyritic crystals diminishing in size and number as the rock becomes 
more and more porphyritic and carries more groundmass. The augites 
and feldspars are fresh, while the olivines are wholly decomposed to a 
greenish-brown fibrous substance, which is also disseminated through 
the groundmass. It is to be noted that the augite in this rock is quite 
fresh, while in many of the andesites it exhibits much alteration. 

Turning now to the surface rock which has been regarded by every 
field observer as basalt, we find that it occupies very limited areas, only 
occurring in a few isolated patches, closely associated with the dacite 
and rhyolite in the neighborhood of American Flat. Thin sections from 
these surface rocks show a ground mass without the chlorite, similar to 
that in the underground rock (thin section 511), but with fewer and 
smaller porphyritic feldspars. The augite is of the same character, and 
the fresh olivine presents the same form and size as the spaces occupied 
by the *' smoky brownish substance" in the black dike. Comparing 
hand specimens of the two rocks, those from the black dike are seen, as 
might be exj)ected, to be slightly denser than the surface basalt. In 
specimen 1202 from the dike the decomposed olivines are especially 
l)rominent, and give the rock exactly the same habit as the basalt spec- 
imen 398, from southwest of Roux's ranch, the latter differing from it 
only in being somewhat porous, of a steel-gray color instead of greenish- 
black, and in having fresh, glassy olivines. We fail to see any petro- 
graphic distinction between the two rocks. 



^""Loc. cit., p. 199. 
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GEOLOGICAL AND CHEMICAL EVIDENCE. 

In the discussion of the igneous rocks of the Washoe district we have 
confined ourselves mainly to a comparative lithological study of the 
rocks of the same mineral composition which have been classed by Mr. 
Becker as Tertiary and Pre Tertiary eruptions, and have endeavored to 
show that they were identical masses presenting insensible gradatioiin 
from the glassy to the granular structure. We have omitted for the 
most part the geological and qhemical evidences, which not only 
strengthen the position we have taken, but clearly explain many diffi- 
cult problems in the structural geology of the region and the relations 
of many of the rock masses to each other. It is a fact of some interest 
that nearly all geologists who have examined the district have been im- 
pressed with the apparent great variety in the igneous rocks repre- 
sented. They have all etisily recognized the more characteristic types, 
such as the granular rock which forms the bold front of Mount David- 
son, the porphyritic rocks upon the flanks of the mountain variously 
designated as porphyritic diorite, propylite, and hornblende-andesite, 
and the glassy and fine grained rocks mainly referable to pyroxene- 
andesite. But the moment they tried to outline their areas they were 
immediately beset with what seemed insurmountable difficulties. This 
is in part owing to the great amount of decomposition occurring in the 
neighborhood of the Comstock lode, but in greater part to the gradiral 
transition in crystalline structure. Extreme forms were readily deter- 
mined, but where to draw the line between them seemed impossible to 
decide. 

The supposed difi'erences between the porphyritic diorite and horn- 
blende-andesite, which we can but regard as one rock, were so obscure 
as to make their determination one of great ififiicnlty and led to a most 
oonfosing entanglement." That this confusion arose from superficial 
appearances produced by decomposition seems evident, the more de- 
composed forms being classified for the most part as the older rock. In 
bis discussion of the hornblende-andesite, Mr. Becker says,^ that 
through the decomposition of this rock "every variation in coarseness of 
grain also becomes apparent," and " all these changes tend to diminish 
the sharp definition of the porphyritic crystals and give the mass the 
^look rather of an older dioritic porphyry than of a volcanic rock." Now, 
in speaking of the porphyritic diorite he says,*^ "From somepeculiarity 
either in composition or texture the porphyritic homblende-diorites 
have undergone extensive decomposition'^ and only "two or three small 
masses ^ were found in a fresh state. From a study of these rocks it 
seems evident that the apparent coarseness of grain of most of the so- 
called porphyritic diorites is derived solely from the decomposition of 

*9 Geology of the Comstock lode, pp. 42, 87,89, 
^Loc. city p. 58. 2^ Loc. eit.y p. 39. 
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hornblendc-andesite." It is a most noteworthy fact that the decom- 
posed forms of andesite occar in areas of fresh rock, while the some- 
what fresh (liorites are found in areas of general decomposition. The 
propylitc of Baron von Eichthofen and Mr. Clarence King for the most 
part belongs to this decomposed rock, the latter geologist remarking" 
♦'nearly all the piopylite observed by us is decomposed." The distin- 
guishing features ot* propylite were considered to be its high degree of 
erystiillization and a certain characteristic habitus of the hornblende, 
the former closely relating it in structure to the hornblende porphyrites, 
while the latter character tended to separate it sui)erficially irom the an- 
desites with which it is unquestionably connected geologically. On the 
one hand we quite agree with Mr. Becker, who has ably shown after a 
rigid examination that a greater part of the propylite cannot be separ- 
ated from the homblende-andesite, and that there exists no evidence of 
its pre-andesitic eruption. He has clearly shown that the propylitc of 
Washoe has no claim to be considered as an independent rock species, 
its change in habitus depending wholly upon decomposition. On the 
other hand our own work, showing the transition from glassy lavas to 
somewhat highly crystalline forms, compels us to agree with the earlier 
investigators, and to relegate his Pre-Tertiary porphyritic-diorite to the 
Tertiary hornblende-andesite. A comparison of the geological maps 
accompanying the works of Mr. King and Mr. Becker shows how em- 
barrassing the difftculties were in drawing correct lines of demarca- 
tion between the supposed Pre-Tertiary and Tertiary masses. Over a very 
considerable part of the area they fail to agree. In general the latter 
geologist regards the south flanks of Mount Davidson as covered by 
hornblende-andesite, and the north flanks by diorite, the former geolo- 
gist considering both north and south flanks as covered by i)ropylite 
and of Tertiary age.^* 



'^-The collection contains Bcveral Berics of specimens showing tlio varions stapes of 
decomposition of the rocks, classed as hornblende-andesite and poiphyritic dioritea. 
Among the former are numbers 486, 487, and 569 to 574. Among the latter, 448, 449, 
451, 497, 498, 450, and 310, 311, 312. 

23 U. S. Geological Expl. of 40th Parallel, Vol. I, ji. 557. 

2^ In this connection it may be protitable to review the literature upon the propylite 
of Schemnitz in Hungary, a region which presents in many respects a close resemblance 
in its geological history to Washoe. Dr. Doeltcr (Verhandlungeu dcr k. k. geolo- 
gischen Keichsanstalt, 1879, p. 27), after a miiieralogical and chemical study of the 
altered rocks recognizes the microscopical <listinctious i)ointed out by Zirkcl. espe- 
cially in the quartzose rocks, but finds isolated masses whi«h unite many of the char- 
acters of both andesite and propylite. He fails to hud any ditlereuce in mode of oc- 
currence or geological age lietweeu the two rocks. Vom Kath, probably after a study 
of the more crystalline porti(u>s, eouelud<vs that the pr()[)ylije ]»ro])erly b«']«uigs to dia- 
base and presents structturjil features (juite unlike a Tertiary andesite. \\'ith his in- 
timate knowledge of the Schemnitz region Professor Szalx), in the same number of 
the geologisehen Reichsanstalt, from a geological standpoint denies the iudejteudent 
^■y^tiou of pro]>ylite. Dr. A. Koeh, in a paper entitled *'Neue petr();;raphiseh(^ ITn- 
^^Hlchung dcr trachytischen (lesteine der (iegend von Rodna" (Verhandlungeu der 
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The structure of the main body of the mountain is well brought out 
by the Sutro tannel. It is shown to be for the most part a body of 
pyroxene-andesite extending from the central core of Mount Davidson, 
where it is well exposed, eastward to the outer foot-hills, where it is 
largely concealed by hornblende-mica-andesite, which breaks through it 
and covers the surface, the relations l)etwcen the two rocks being well 
exhibited by the tunnel section. As already shown, there is a gradual 
and steady increase in degree ofcrystallization as we i)as8 toward the 
central core, the pyroxene audesite which forms the west country rock 
being one or two degrees coarser than the east country rock. In gen- 
enil the body west of the lode opposite the central portion of Mount Da- 
vidson is somewhat coarser than the rock to the eastward, but this does 
not hold true either to the north or the south. This is explained by the 
fact lecognized by all geologists that the vein is situated along a line 
of great faulting, the displacement being quite sufficient to bring dif- 
lerent portions of the same rock mass iuto juxtaposition. Along the 
line of the vein solfataric action has produced so much decomposition, 
especially to the eastward, that comparative petrographic studies of 
the walls is a matter of considerable difficulty. Nevertheless, the dis- 
tance is so great and the exposures in the many tunnels so numerous 
that the evidence of identity of both walls seems conclusive. Let us 
consider, for example, a cross-section in one mine. On the 1,450 foot 
level of the Sierra Nevada mine a small body of pyroxene rock has been 
identified to the west of the main shaft, but to the east of the shaft the 
country rock is so decomposed that sufficiently fresh material for accu- 
rate identification was not obtained for 1,G00 feet. At this point, where 
unaltered material occurs, it is shown to be a pyroxene rock. Now, al- 
though the rock has undergone so much alteration ati partially to pre- 
clude specific identification, there is no evidence at hand that through- 



k. k. geolo^. ReichsauHtalt, 1880, Lirrratnrnotizon), is of the opinion that, a separa- 
tion of GriinHtein-trachyto (propylite) from andesito is inadmissible, since he shows 
that both rocks are connected through transition forms. He points out that the prin- 
cipal difference between them is in the strnctmv of the gronndmass, the propylite be- 
ing bolocrystalline while the true andesite of Hungary always contains more or less 
glass. He maiutains that the question whether there is any difference in geological 
age of these rocks is not yet satisfactorily determined. Dr. E. llussak, in a purely 
petrf>gTaphic paper, *'Griinsteiu-trachyte oder Propylite," published in thesamejour- 
nal, states that the rocks are much decomi)osed and agrees with Zirkel as to their mi- 
croscopical habitus. He says : ** Dicse Geateiue iihnoln den alten sogenanten Dioritpor- 
phyren wie audi den Diabas-porphyriten uug«*mein, sind jedooh niit den tertiaren 
Ernptivgesteinen eug verkniipft und wohl nicht davon zu trennen." See also Prof. J. 
W. Judd's valuable paper ** On the Ancient Volcano of the District of Schemnitz, 
Hungary," Quar. .Tour Geol. Soc, August, 1876. 

Unless erosion at Schemnitz, unlike the conditions at Washoe, has worn away the 
greater part of the superincumbent rock, we are led to believe, without any personal 
acquaintance with the district, that a thorough investigation of a large number of 
thin sections prepared from judiciously selected rocks would show a complete transi- 
tion from the glassy volcanic lavas to those corresponding in texture to crystalline 
diorite or diabase. 
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out its whole leugtli it was uot origiually a pyroxeucandesite. Wherever 
the rock occars sufficiently fresh to allow a close study its identification 
with this type of andesite seems established. All these facts couvince 
us that the Comstock lode canuot be considered as a contact vein be- 
tween two different rock masses. 

Owing to the intimate connection between hornblende and angite, 
and the fact that pyroxene-andesites with varying amounts of horn- 
blende occur, indistinguishable from many homblende-andesites with 
more or less pyroxene, it is impossible to draw a sharp line of demarca- 
tion between the two types. Great confusion arises when we under- 
take to map out the Washoe district, where both rocks occur in every 
possible gradation between the two specific types. Such transitions 
were recognized by Mr. Becker, who, having outlined the different 
areas covered by the different volcanic masses according to geolo;;lcal 
age, often considered himself forced to determine a rock quite as much 
from its occurrence within certain areas as from its mineral composi- 
tion, regarding the variations as local modifications. 

In general the horublende-audesite here, as in many other districts, 
seems to be more silicious than the pyroxene ty])es, yet analyses show 
many marked exceptions. In the intermediate volcanic rocks, like 
those which make up the greater part of the mass at Washoe, where 
the range in chemical composition between the two is so slight, a varia- 
tion in mineral composition may easily take place. 

Doubtless much ot the confusion which exists in the Washoe district 
between the hornblende and pyroxene divisions of these rocks arises 
from the cutting of one rock by the dikes of the other in a far greater 
decree than has becji heretofore recognized. Indeed, the region is pen- 
etrated by broad fissures and narrow dikes, varying in width from many 
hundred feet to those exposing only a few feet where cut by mining 
shafts and levels. 

This is especially noticeable in the Sutro tunnel, which, after passing 
through the broad belt of hornblende-micaandesite, enters, as hsis been 
already mentioned, a vast body of pyroxene-andesite forming the main 
rock mass as far as the tuunel runs. All other bodies, both large and 
small, cut by the tuunel present the appearance of occurring as dikes, 
many of them failing to reach the surface. Those facts lend support to 
the theory that a large body of pyroxene-andesite forms the older and 
central mass of the mountain. At 17,100 feet from the mouth of the 
tunnel a remarkably fresh hornbleudeandesite is cut with every indica- 
tion, judging from the specimens, that it occurs as a dike. It seems 
quite possible that this may have served as a vent through which was 
extruded, a portion at lesist, of the hornblende rock found on the surface 
along the east base of Mount Davidson. 

In the subjoined table are presented a series of twelve chemical analy- 
ses repixjsenting the principal variations in composition and structure of 
the volcanic rocks found at Washoe. 
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They are mainly compiled fiom the table pabliahed in Mr. Becker's 
monograph and revised as far as possible by comparison with the orig- 
inal records. Thoy are here arranged according to their acidity in order 
to bring ont forcibly the great similarity existing in chemical composi 
tion between rocks which we have endeavored to show were identical 
in mineral composition and stmctnral features. Nnmbeni I, XI, XTT, 
the extreme basic and acidic varieties of the series, are now published 
for the first time. The identity in composition of the hornblende and 
pyroxene-andesites, which make up the central mass of the mountain, 
is shown in analyses II to VII, inclusive, the extremes in silica (with a 
variation of a little more than 4 per cent.) lying quite within the range 
of most volcanic extrusions. Between the coarse-grained rock iSrom 
Eldorado outcrop (II), representing the mass of Mount Davidson, and 
the coarse-grained pyroxene*andesite (III) from the Sutro tunnel, near 
the Savage connection, chemical analysis fiedls to detect any marked 
difference; while between the so-called porphyritic diorite (IV) and 
hornblende-bearing pyroxene-andesites the variations are such as might 
occur in different parts of the same volcanic flow. In a well character- 
ized homblende-andesite from the Gross-Spur quarry (VII) the silica 
reaches 60.82 per cent. 

In order to strengthen and confirm these analyses silica determina- 
tions have been made of several rocks from other localities in the dis- 
trict, carefully selected to represent the same range in mineral compo- 
sition. Those agreeing in the preponderance of hornblende or pyrox- 
ene are placed together as follows : 

1. Pyroxene-andesite (granular diabase), 56.40 per cent. Si02. 

2. Pyroxene-andesite (augite-andesite), 56.56 per cent. SiOt. 

3. Homblende-andesite (porphyritic diorite), 55.66 per cent Si0.a 

4. Hornblende-andesite (homblende-andesite), 55.79 per cent. SiO^. 

5. Homblende-andesites (homblende-andesite), 57.06 x)er cent. SiOs. 
They all occur near the base of Mount Davidson from the following 

localities : 

1. Ophir ravine, southeast of Cole water tunnel. 

2. 1,000 feet due west of quarry above Occidental grade. 

3. Opbir ravine, southeast of Cole water tunnel. 

4. Eidge north of Ophir Hill, 150 feet west of old flume. 

5. Tank 600 feet northwest of Yellow Jacket shaft. 

From these it will be seen that the pyroxene-andesite from Ophir ra- 
vine is identical in silica percentage with the foot-wall, Savage con- 
nection in the Sutro tunnel, and differs from the pyroxene-andesite of 
tbe surface by only O.IG per cent, of silica. The hornblende-andesite 
from near the Cole water tunnel differs from that of tbe ridge near 
Opbir Hill by 0.13 per cent, of silica. Tbe refinements of chemistry like 
those of the microscope fail to detect any distinctions between the rocks 
of tbe same mineral composition, which have here been classed as Ter- 
♦"ary and Pre-Tertiary age. 
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We turn now to the later rock masses of both acidic and basic 
character foand penetrating the main body of hornblende and pyrox- 
ene andesite of intermediate composition. We will first consider the 
homblende-micaandesites (later bomblende-andesite and mica-diorite), 
which, though presenting variations from a porphyritic lava with a 
glassy and microlitic grouudmass to a granular structure recognized 
by the unaided eye, have already been shown to be indistinguishable 
X)etrographicly. An examination of the specimens shows that it is 
the coarsely crystalline and decomposed middle-grained varieties which 
have been classed as PreTertiary rocks, while the fresh and unaltered 
middle-grained and the glassy ones were regarded as of Tertiary age. 
The broad high ridge, lying to the eastward of Mount Davidson, of which 
Mount Eose and Mount Kate are conspicuous features, forms the prin- 
cipal mass of this rock breaking through the pyroxene-andesite. Upon 
the slopes of the ridge a considerable variation in texture of the rock is 
easily recognized. It is only on the surface along the ridge that glassy 
forms are met with. Comparing the hornblende-mica-andesite exposed 
through the 10,000 feet cut by the Sutro tunnel with the surface rocks, 
exact counterparts are observed with the exception that glassy forms 
are wanting. This is, however, what we should expect, and quite in 
accord with all the observations so £ar made upon the collections from 
Washoe, namely, that the glassy forms of the various rocks are only 
found at or near the surface, those from any considerable depth having 
cooled with sufficient slowness to become holocrystalline. Advancing 
now a step further we find that the more crystalline rock from this large 
body of hornblende-mica-audesite bears the clbsest resemblance to parts 
of the so-called Pre-Tertiary mica-diorite, which passes, as has already 
been shown, by imperceptible gradations into rock possessing a gran- 
ular structure. 

Let us consider in this place what the intermediate forms are which 
link together rocks of the chemical composition of a glassy hornblende- 
mica-andesite possessing all the characteristics of a surface lava with 
those having the structure of many granitic rocks. The results derived 
from a study of numerous rock sections^^ clearly indicate that the es- 
sential variation in the more porphyritic varieties takes place in the 
groundmass, which, starting with glass containing few microlities, grad- 
ually grows richer and richer in microlitic inclusions until only a small 
amount of glass remains as a cemeuting base. This in turn may be 
crystallized into microscopically cryptocrystalline particles. In a some- 
what more advanced stage the cementing material assumes the appear- 
ance of uniformly oriented patches or of microcrystalline granitoid 
grains, which as the size of the grain increases is found to be partly 
quartz, partly feldspar. The dimensions of the cemented microlites also 
increase until they appear as small crystals embedded in a mass of ir- 



^•^S^e Table III ; also Table I. 
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f^pllai'ly Bliaped g^rainB of fddspar and qnaitz. As tbe DUinlier of lar^ 
cvifBtala and fihoM of mediom aize inoreaaea tbe porpLyritic api>Giirauc«> 
itf tbe rode is lost, espeeiall; as tbe ahaip oailine of tbo larger crystals 
is no loQger pteserred, aa already described. Tho cbaractor also of tbo 
JUdspara obangea by reaBon of the variatioti in their iuclusious, those 
of glass grovingleBS Dameroos aa the rock becomes more crj-stalliDe, 
SDtil they disappear entirely, occaBional floid iuclaHioiis making thoir 
appearance. When flaalty tbe grains are uenrly all of oue size tlie 
steuctuTB is the even granalar oue of a granitu. 

Qnartz, vhicb In tbe glassy forms of tbeeo hombleBde-mioa-pIagto- 
olase rocks occasionally is seen in small porpbyritic grains, first ai^ea 
its appearance as an essential ingredient among the mioroscopiogi'^iM 
of tbe grooodmass, beoomiog more and more apparent as th«ir siaebi- 
(ffeases. ' This qnartz contains in tbe coarser-grained forms nnmema 
ttaid iuclDsionB, indicating that tho gases disseminated tbroagh tlm 
magma, having been excluded by tbe first erystalliziog minerals, wen 
finally inclosed in the Qoartz, tbe last mineral to crystallize, whidi vosld 
Decessarily occur when a magma eonsolidates nnder pressure, thegases 
being anable to escape. Tbe number of mineral conBtitneuts is atill 
flirther increased by the development of acidic feldspars, tbe nncrystal- 
lized material of wliioh, together with tbe silica of tbe quartz, makes np 
the residnal glass'base of tbo vitreous forms of the rock. It has already 
been shown** that tbe glasaof a vitreous lava grows richer in silica ^^ 
alkalies as tbe more basic minerals crystallize out of tbe magma. 

Thus tbe rock which in a vitreoDS state is composed essentiaUy of 
basic feldspar, hornblende, and mica, with a groundmass of glass more 
or less full of microlites, is, when coarse-grained, formed of both basic 
and acidic plagioclase with some ortboclaso, besides bomblendo, mtca, 
and quartz — tho mineral coinpositioa of a qnartz-diorite. The best ex- 
amples of this decidedly granitic slnictDre are from the 1,000-foot level 
of the Sierra Nevada and tbe shaft of the Lady Bryan mine, rocka which 
some geologists would call hornblende-bearing granite, but to which 
Mr. Becker refers in bis monograph" as "fresh, coarsely granular, 
quartzose diorite.'' Thoogb we know bat little of tbe actual occurrence 
and field relations of the rocks represented by these two specimens, euo 
coming from the end of a drift and the other collected from the dump 
of a mioo, still it in noteworthy that tbey both come from the immediate 
neigbborbowl of the most extensive area of hornbtende-mica-aiidesile 
in the district, and though geological evidence of their direct connection 
Is wanting, the chain of petrograpliic evidence is so complete as to leave 
no doubt in our minds that these coarsely granular rocks are parts of 

"F. Funqai!, "Suutorin ot Sch Crnptiona," Puris, 1879, p. 11. Hague ami Idiling!], 
"Notesou tliu votcaaocBof Nortbrru Ciiljfumia, Oregon, auil Waaliiugton Territory," 
Am. Joar. ot Science, Vol, XXVI, Si'pt., leS:!, p. 230. 

*'Gkology of tbo Coitietock Lode, page I'Ji. 
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tbe same magma as the bornblende micaandesites wbich have crystal- 
lized very slowly under considerable pressure. 

With tbe exception of one body near tbe north end of tbe vein, the so- 
called mica-diorite only occurs on tbe surface, as shown on the map, ^^ in 
a few isolated patches of no great elevation, where it presents the ap- 
pearance of having broken through the andesite. That there is good 
reason for such a conclusion is borne out by tbe strongest geological 
evidence beneath the surface. It has been pointed out that the ande- 
site of the Sutro tunnel is cut in three places by narrow dikes of horn- 
blende- mica-andesite of a medium crystallization, showing that here at 
least a similar rock is younger than tbe main body of Tertiary andesite. 

Other instances of this hornblende-mica-rock cutting the pyroxene- 
andesite are shown in the vertical sections through the Yellow Jacket 
and Belcher mines (atlas sheet VII), and can only be reasonably ex- 
plained as dikes and offshoots from the main body of a later rock pene- 
trating an older one. By reference to the geological map it will be 
seen that the Forman shaft is located in andesite l)etween two small out- 
crops of hornblende-mica-rock only 3,500 feet apart. Now the fact that 
the shaft has been sunk for a depth of 2,340 feet without encountering 
either body seems to point to the conclusion that these hornblende-mica 
r(»cks are simply dikes cutting the andesite. 

Let us consider one more fact. On the 1,950-foot level of tbe Utah 
mine a narrow body of medium grained hornblende-mica rock is ex- 
posed penetrating the pyroxene-andesite. Now this small body is ver- 
tically beneath the later hornblende-micaandesite of the surface, with 
tbe evidence all tending to the conclusion that the two bodies are closely 
connected masses. 

Such geological evidence as to the position of these rocks seems all- 
sufficient to determine their age, but taken in connection with the proof 
of identity afforded by rigid petrographic analysis the arguments appear 
indisputable. 

As already mentioned, the hornblende-mica rocks vary considerably 
in their mineral composition within certain limits, and a corresponding 
variation is observed in their chemical composition. Analyses VIII 
and IX (Table IV) are from the hornblende-mica-audesites of Mount 
Bose and Cross Spur quarry, which are rich in iron magnesia sili- 
cates, hornblende being in excess of mica in one case and equaling it 
in the other. Analysis X from the " mica diorite,^' 800 feet east of the 
Waller Defeat shaft, shows less iron and magnesia, which corresponds 
to the small amount of iron and magnesia silicates found in the rock, 
mica greatly predominating over hornblende. It represents one of the 
most acidic of these hornblende-mica rocks. 

The quartzose Tertiary rocks, as has been shown, belong both to 
dacite and to rhyolite, the rocks intermediate between the two being 

^Geology of the Comstock Lode, Atlas, Sheet IV* 
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well developed. TLe surface area covered by them lies wlioU.y in the 
Boattiorn and southeastern portion of tbe district, mainly in Ibo ueigb- 
borbood of American Flat. Tbeir geological position is Iiest obsen'ed 
in tbe UDdorgroiind ivorkiitga to tbo north, where tbe main body of 
pyroxciie-andesite occupies tbe surface, and ultbough tbe nnmber of 
exposnres is limited, their evidence is clear, No stronger proof can In' 
desired of the Tertiary age of tbe rocka in (jiiestion than the occurrenee 
in tbe Sntro tnnnel of a brond dike, 1,400 feet in width, with numcron? 
offshoots cutting the main body of pyroxene ande.site. Microscopical 
C.\aminatiou proves this rock to be tbe counterpart of alithoidal variety 
found on the surface near Gold Canon and the Ked Jaf,kct mine.'* lu 
the Overman mine a dacitic or rhyolitic rock apparently occurs aa » 
narrow dike extending upward nearly to the surface from tbe 2,000-foot 
level. Again tbe occurrence in tbe Belchermine can best be explained 
on tbe simplest and most plausible theory of an offshoot or stringer fi\)iu 
the main mass. Tbe FonaaD shaft, after passing throngh pyroxene 
and homblende-andesite, exposes at about 2,340 feet from the sarlhoe a 
small body determined by Mr. Becker as an ortboclase rook, which he 
classes fls qnartzporpbyry. Although our knowledge of the body is 
extremely limited, tbere seems to be every reason, judging from anal- 
ogy, that it also ocoars aa an iotmslre mass penetrating the andeeite 
bntfiuling by maoy hundred feet of reatdiing the surface. It is worthy 
of note that the rook is holocrystalline and presents certain character- 
istics common to igneons rocks cooled at considerable depths below the 
surface, and which many geologists regard as evidence of their Pre- 
Tertiary age. 

A recent analysis in the laboratory of the United States Geological 
Surrey, by Dr. F. A. Goocb, of a dacite from near McOlellan Peak, is 
Riven iu Analysis XI (Table IT). It will be noticed that the potaaaa is 
but slightly in excess of the soda, and the miscroscope shows that tbe 
plagioclase is for in excess of orthoclaae among tbe porpbyrltic crystals. 
In Analysis XII, also by Dr. Gooch, the potassa greatly predominates 
over soda, and the rock fh>m which it was made is characterized by pre- 
vailing orthoclaae, the habitus and chemical composition being those of 
a typical rhyolite. 

Geological evidence having proved that the rock penetrated by the 
black dike is inseparable from tbe Tertiary pyroxene-aodesite lavaa, 
it of course follows that the later rock is also of Tertiary or still more 
recent age. A comparative study of tbe band specimens and their sec- 
tions has showu the similarity in composition and atnicture existing 
lietween the surface basalf), near American Flat, and the well-known 
black (like of the Gomstock lode, they differing only aligbtly in de- 
gree of crystallization and state of preservation. By reference to the 
map (atlas sheet IV) it will be noticed that there are only five surface 
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occurreuces of basalt, all of them insignificant in area and in height In 
a direct line from the basalt masses, immediately to the \yestward of 
American Flat, it is only 4^500 feet to the Caledonia shaft, where the 
black dike is last seen along the line of exploration on the Gomstock. 

The chemical composition of the surface basalt is given in Analysis I 
(Table IV). It is somewhat basic, bat in other respects is quite similar 
to many of the basalts of the Great Basin. The basalt of the black 
dike from the Belcher mine, 1,145 feet below the surface, yielded 
49.79 per cent, of silica, the difference between the two analyses being 
quite within the range of variation for the same flow. Now, although 
the black dike forms the only dike of basalt known in tlie district, 
audits direct connection with the small surface patches has never been 
traced, the evidence is quite sufficient to lead to the conclusion that it, 
like the intrusive bodies of hornblendemica-andesite, dacite, and rhyo- 
lite, i» an offshoot from a much larger mass at no great distance. 



CONCLUSIONS. 

As stated in the first part of this paper our investigation leads us, in 
many important particulars, to conclusions in respect to the geological 
structure of the Washoe district quite at variance with the oi>inions 
held by our predecessors. Throughout the body of the paper we have 
endeavored to place before the reader with ox)nsiderable'detail the facts 
upon which our opinions were based. Let us then in reviewing these 
results state in a few words what we consider to be the geological his- 
tory of Washoe and the relations of the principal rock masses and in- 
trusive bodies to each other, and then briefly summarize the conclusions 
maintained in this discussion as to the development of crystallization in 
the igneous extrusions which have built up this mountain pile. 

We regard the main mountain mass of which Mount Davidson is 
the culminating peak to be formed of both pyroxene- and hornblende- 
andesites, of much the same ultimate chemical composition, analyses 
showing a variation of only 4 per cent, in silica. Both these types of 
andesite are so intimately connected geologically with each other as to 
render it extremely difficult to separate them on a basis either of physi- 
cal structure or of geological age. So long as the conditions under 
which hornblende and pyroxene are formed in lavas of this class are so 
little understood it becomes a difficult matter at Washoe to determine 
with precision the relations of andesitic eruptions based solely upon 
these minerals. The fact, however, that the main mass of Mount Da- 
vidson is made up of coarsely crystalline mat^erial originally a pyroxene 
rock, and that the section through the Sutro tunnel after leaving the 
hornblende-mica-andesite body of Mount Bose and Mount Kate runs 
mainly through pyroxeneandesite, makes it highly probable that the 
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earlttt' nnd larger part of tbe eruptiou was composed of this rock. 
Throagli tbis pyroxene-audesite horDblende-andesite ia kuo^rn to pene- 
tmtb, aud ob»ervattODS all point to tbe conclusioD tbat ventfi have been 
opened tUrongh which both tyires of rock have l>eeii forced upwards, al- 
'tlumffli not neceesarily reaching tbe sarface. 

After these ernptionB of pyroxene and hornblende andesites there was 
h period of rest, dnring which there was more or less removal of the an- 
pRfldal material by denadation, a stndy of tbe surface geology pre- 
Beating many arguments in favor of a time of comparative inaction. 
TheM older andesitic rocks have been brokeu through by nnmerons in- 
tnuiTe bodies of both acidic and basic lavas represented by hornblende' 
mica-ftndesites, dacites, rhyolites, and basalts. From masses of these 
later tocks ofifshoots were pushed ont and forced upwards into the 
old6r rocks, in many cases failing to reach tbe surface, bnt now exposed 
by veFtioal shafts aiid biwizoittol workiags. 

We find the glaaay forms of these rocks only on or near the smfiMse. 
Books from the tannels and mining shafts from any considenble dis- 
tance beneath the sor&ce present invariably a holocrystalllne stmotore, 
lAtle the more coanely ciystaJline forma come from near Uie ceotrri 
mass, from intrnsiTO dikes, or sie brought op from the lowest deptk 
reached by Ulnftig Shafts. It Is notof oooiee to be expected tliat'de- 
Tdopment Id crystaDizfttJon 'should shov an nnvaryiajt Increase Id tiOy 
given direction throagh a nx^ mass. On the contrary, chuiglng con- 
ditions would necessarily bring about more or less lo<»l mOdifleatioafl. 
Variations in rapidity of cooling or amount of pressnie woald piodnoe 
local centers of crystallization, with corresponding variations in rook 
structure. Moreover the degree of crystallization developed in differ- 
ent lavas under similar conditions appears to depend upon their chemi- 
cal composition, the basic lavas showing a greater tendency to crystal- 
lize than tbe acidic. 

When we consider the evidence offered by the i miles of the Satro tan- 
nel, the vertical sections 3,000 feet in depth, and the network of long 
galleries run at different levels from the main shafts, the innumerable 
facts, all pointing in one way, present such overwhelmingproof that we 
are led to tbe cooclusious maiutainetl in this paper, and briefly summed 
up as follows : 

That the degree of crystallization developed in igneous rocks is mainly 
dependeut upon the conditions of beat and pressure under which the 
mass has cooled and is independent of geological time. 

That there are abundant geological and petrographic evidences in the 
Washoe district to show that tbe igneous rocks do not belong partly to 
Pre- Tertiary and iJartly to Tertiary eruptions, but are all of Tertiwy 
age. 

That the so-called granular diorite and diabase, augite-andesite are 
identical and belong to the same geological body. 
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That the so-called porpbyritic diorite is identical with hornblende- 
aiidesite and should be designated by the latter name. 

That the so-called mica-diorite is identical with the later horublende- 
andesitc and both rocks are of the same geological age. 

That the quartz porphyry is of Tertiary age and resolves itself into 
both dacite and rhvolite. 

That the later diabase or black dike and the b t salt are one and th.* same 
rock, the difference being that the former is only known as a narrow 
dike while the latter occurs in flat-topped bodies and low hills on the 
surface. 

That the Comstock lode occupies a fissure along a line of faulting 
in rock of Tertiary age, and cannot be considered as a contact vein be- 
tween two different rock masses. 
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The pabliofttione of the United States Geological Surrey ace lesned in aooardanoe with th« ttatnte, 
■ppTOTed JCaroh 8, 1870^ which declaxee that— 

** The pablioationa of the Geological Sorv^ ahall conafait of the aanoal report of operations, geological 
and eeenomio maps illnstratlng the reeoorcea and cliaaiflcation of the lands, and reports upon general 
•od eeonomic feology and paleontology. The aannal report of operations of the Geological Survey 
shall aooompany the annual report of the Secretary of the Interior. AU ipeoial memoirs and reports 
of said Sorrey shall be issued in unifonn quarto scries if deemed neoessaiy by the Director, but other- 
wise in ordinary octavos. Three thousand copies of each shall be published for sdentiflo exchsnges 
and for aale at the price of publication; and all literary and oartogniphiomatsriala received in exchange 
ahall be the property of the United States and form a part of the library of the orxaniaation: And the 
money resulting ftom the sale of such pub l i c atJoas shall be covered into the Treasuiy of the United 
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On July 7, 1882, the following Joint resolution, referring to all Govemment publications, was passed 
by Congress: 

" That whenever any document or report shall be ordered printed by Congress, there shall be priuted 
in addition to the number in each case stated, the * usual number' <1,900) of copies for binding and 
distribution among those entitled to receive them." 

Under these general laws it will be seen that none of the Survey pubUcationa are ftimished to it for 
|{rataitous distribution. The 8,000 copies of the Annual Report are distributed through the document 
rooms of Congress. The 1,000 copies of each of the publications are distributed to the offioers of the 
legislative and executive departments snd to stated depositories throughout the United States. 

Bxcept, therefore, in those cases where an extra number of any publication is supplied to this office 
by special resolution of Congress, ss has been done in the case of the Second, Third, l^ourth, and Fifth 
Aiwftiai Bsports, or where a number has been ordered for its use by the Secretary of the Interior, as in 
tiie Mse of Mineral Resources snd Dictionary of Altitudes, the Survey hss no copies of sny of its pub- 
Uoations for gratuitous distribution. 

AimUAL REPORTflk 

Of the Annuel Reports there have been already published : 

L First Annual Report to the Hon. Carl Schurs, by Clarence King. 1880. 8°. 79 pp. 1 map.— A 
preliminary report describing plan of organisation and publications. 

n. Report of the Director of the United States Geological Survey for 188a-'81, by J. W. Powell. 
1882. 9P, Iv, 688 pp. 61 pL Imap. 

IIL Third Annual Report of the United States Geological Survey, 1881-'82, by J. W. PowelL 1883 
8P, zviii, 504 pp. 87 pLand maps. 

IV . Fourth Annual Report of the United States Geological Surrey, 1882-*83, by J. W. PowelL 1884. 
8''. zii, 473 pp. 85 pi. and maps. 

The Fifth Annual Report is in press. 

ICONOORAPHB. 

or the Monographs, Nos. n, m, IV, Y, YI, VII, snd Vm are now pnbUshed, vie: 

n. Tertiary History of the Grand Cafion District, with atias, by Clarence S. Dutton, Ci^t., U. S. A. 

2882. 40. xiv,264pp. 42 pL and atlas of 24 sheets folio. Price $10.12. 
in. Geology of the Comstock Lode and the Washoe District, with atlas, by George F. Becker. 

X8I2. 40. XV, 422 pp. 7pl.andatlaaof 21sheetofolio. Price til. 

IV. Comstock Mining and Miners, by Eliot Lord. 1888. 40. xiv, 451 pp. 8 pL Price $L50. 

V. Copper-bearing Rocks of Lake Superior, by Roland D. Irving. 1883. 4°. xvl, 464 pp. 15 1. 
28 pL Price $1.85. 

VI. Contributions to the Knowledge of the Older Mesosoic Flora of Virginia, by Wm. M. Fontaine. 
1888. 40. xi, 144 pp. 54 L 54 pL Price $1.05. 

Vn. SUver-lead Deposits of Eureka, Nevada, by Joseph S. Curtis. 1884. 4^. xiU, 200 pp. 16 pi. 
Tries $L20. 

vm. Paleontology of the Eureka District, by Charles D. Walcott 188A. 40. xiii, 298 pp. 24 1. 
MpL Price $L10. 
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ON FOSSIL .MOIJJ SCA OF WFSTFkN NOKTH 

AMEHICA. 






By Charles A. White 



THE OCCURRENCE OF CARDll A PI.ANICOSTA I.AMARCI 

IN WESTERN OREGON. 

There is probably no species uinoiig all the known fossil niollusci 
coDcerniDg the geological a^e of which paleontologists are more in ac 
cord than Cardita planicosta Lamarck. It is a well-known form in th 
Earopean Eocene, and it is quite as characteristic of the Eocene of on 
Atlantic and Gulf borders as of the Eocene of Europe. The Europeai 
and the American specimens differ so little from each other that no on 
uow pretends to question their speciflc identity. Both the Europeai 
and the American strat^i furnish specimens of this species in abuu 
dance and great perfection, so that all the characteristics of the shel 
are well known. Its range of variation is not great, being mainly ap 
])arent in the extent of the obliquity of the axis and in the varyini 
distinctness of definition of the ribs and their interspaces. In somi 
cases the ribs upon the anterior part of the shell are broadly conve: 
and the interspaces there are narrow and not shari)ly defined from th< 
ribs at their sides. In the case of a few examples these characteristic 
are foand to extend to other parts of the shell, but usually the ribs ar 
more flattened and the interspaces are in the form of more or les 
sharply defined grooves between the ribs. In some cases the ribs an( 
separating grooves are distinctly defined all the way from the beaks h 
the free borders of the valves; but in others the ribs and grooves, whiL 
they are well defined upon the umbonal and median portions of th< 
valves, become obsolete before reaching their free borders. The char 
acter of the variation to which the surface markings of this species ar< 
thas seen to be subject is such that if it becomes excessive in any grouj 
of examples it is suggestive of a specific difference. The hinge is mass 
ive and constant in its characteristics. 

Mr. Conrad recognized this species among the collections which wen 
obtained some thirty years ago, by parties connected with the Pacifi( 
Railroad surveys,^ from strata in California which have since receiver 

I See Pacific Railroad Reports, Vol. V, pp. 317-329. 
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the Dame of the Tdjou group. This group wii8 referred to the Creta- 
ceous period by the geologists of the State Geological Survey of Cali- 
foruia, but I have elsewhere giveu uiy reasons for regarding it as of 
Eocene age,' as Conrad, Marcou,^ Heilprin,^ and others have also done. 
The California Cardita just referred to, Mr.^abb regarded as specifi- 
cally distinct from 0. planicosta, and he gave it the name of 0. hornii.^ 
I have seen only fragments of the Ciilifornia form, but judging from 
these and Mr. Gabb's description and figures I am inclined to regard 
it as a variety of Carditu planicotftdj diflfering from the typical form only 
in the unusual broad convexity of all, instead of a part, of its ribs. The 
difference between the California specimens and the typical form of 0. 
planicostaj as was shown by Mr. Gabb, consists mainly or wholly in this 
character of the ribs and their interspaces, and this L believe to be a 
case of extreme variation of Cardita planicosta which is not incompati- 
ble with specific identity. 

Some specimens of Cardita which I am unable to distinguish specifically 
from C. plaiiieosta have been lately received at the office of the Survey 
which were obtained from strata that are perhaps equivalent with those 
which bear C horniij and which appear to me to be intermediate between 
typical examples of that species and C. horniL These specimens were 
collected by Prof. Thomas Condon, at the town of Albany, in the 
Willamette Valley, Oregon. They are numbered 13405 in the Catalogue 
of the U. S. National Museum. The stratum which contains these shells 
is an indurated dark colored shale, which was found a few feet beneath 
the surface of the ground in digging a cistern at Albany. 

Unfortunately neither this stratum nor any known equivalent of it 
has been recoguizetl elsewhere, and as the stratum was not exposed at 
the surface where the discovery was made, and the digging was not con- 
tinued through it, nothing is definitely known of its stratigraphical rela- 
tions. Strata which bear characteristic Miocene fossils are found in the 
valley of the Willamette only a few miles awny, but so far as 1 am 
aware no strata have hitherto been found in any part of Oregon which 
bear Cardita planicoHta, nor any nearly related form. Unfortunately, 
also, although a dozen or more of the shells of the Cardita were ob- 
tained, only a few fragments of other shells were found associated with 
them. Some of these apparently rei)rescnt a species of Crassat^Ua^ but 
further than this they have yielded no definite information. 

Three of the valves found at Albany are represented on Plate I. 
These specimens have been chiseled out of the matrix in \vhich they 
were embedded, and their natural surface has therefore been somewhat 
injured, but enough remains in its natural condition to give a fair illus- 

'^See BuH. U. S. Geol. Survey, No. 15. 

=»See BuH. de la Society (Ji^-ologique do France (3), T. XI, lf^83, pp. 407-435. 
'•Proc. Acad. Nat. Sci. Phila. for 1?^82, pp. 105-214; also Cont. Tor. Geol. and Pa- 
leont. U. S., pp. 102-110. 
6 Paleontology of California, I, p. 174, PI. 24, Fig. 157; also II, p. 187, PI. 30,Fijr. 83. 
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tratiou of the surface characters of the shell. The verHcal diameter of 
two of these illustrated specimens is proportionally less as compared 
with the transverse diameter, than is usual with typical examples of 
O. planicosta^ but that of one of them is not, and several of the other 
associated specimens ha v^ also the usual dimensions. None of the 
Oregon specimens show the hinge in a sufficiently perfect condition to 
afford a good figure of it, but some of them exhibit the hinge characters 
so plainly as to make it evident that this far western shell does not dif- 
fer in respect to the hinge from the typical examples of Cardita plant- 
eosta. I do not therefore hesitate to refer it to that species. 

The discovery of these shells in Western Oregon possesses more than 
ordinary interest for several reasons. First, it adds materially to our 
knowledge of the already known wide geographical range of Cardita 
planicosta. Second, it is (if we except the Cardita hamii of Gabb) the 
.first recognition of that species in the Pacific coast region that has been 
made. Third, Cardita planicosta being regarded by all paleontologists 
as of Eocene age, its discovery in Oregon indicates the existence there 
of the Eocene formation, of which no other indication is now known. 
It is not improbable that the stratum from which these fossils were 
taken represents a portion of the Tdjon group of California. No evi- 
dence of it, however, is at present known other than that which is sug- 
gested in the preceding paragraphs and by the probability that the 
Oregon specimens and the C, homii of Gabb are only varieties of Car- 
dita planicosta. 
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FOSSlIi MOIil^USCA FROM THE JOHN*l)AY GROUP IN BAST- 

ERN OREGON. 

Some two years ago Prof. E. D. Cope placed in ray hands a small 
collection of fossil mollusks, which were obtained by Mr. Jacob L. 
Wortman, of the Army Medical Museum, from a lacustrine deposit 
in Eastern Oregon which has come to be known as the John Day group. 
Professors Leidy,® Marsh,' and Cope^ have described vertebrate fossils 
from that deposit, which has been referred by those authors to the Mio- 
cene; and by Professors Leid3' and Cope it has been regarded as equiva- 
lent with the White River group of Dakota. Mr. King regarded it as 
equivalent with his Truckee group,^ which occurs in the valley of Snake 
River, in Southeastern Oregon, and also in Northern Nevada. 

Last summer, also, Prof. Thomas Condon, of the University of Ore- 
gon, presented to the Survey a small collection of shells which h© 
obtained from the John Day group at or near the same locality as that 
from which Professor Cope obtained his specimens. Professor Condon 
found those shells associated with the vertebrate fossils which were de- 
scribed by Professor Leidy {loc. cit), and Mr. Wortman also found the 
mollusks associated in the same layers with the vertebrate remains. 
Upon Prof. Condon's label accompanying these shells he designates the 
locality as "the North P^ork of John Day River, Oregon, at the angle of 
the big bend, longitude llO^ 40', latitude 44^ 50'. Professor Condon's 
collection embraces the same species which Professor Cope's conained, 
but no others. 

These collections contain one, and perhaps two, si)ecies of Unio and 
four or five species of pulmonate gasteropods, which latter 1 refer to 
the Helicidic ; but no other invertebrate forms were found associated 
with them. The John Day deposit being of lacustrine origin one could 
not expect to find it containing the remains^f an exteusive niolluscan 
fauna, as compared with the faunas of marine deposits; but these 
small collections do not embrace so wide a variety of fornis as lacus- 
trine faunas usually present. No gill-bearing, nor paUistral i)ulnionate 
gasteropods are fouud among them, and all bivalve mollusks, except 
the Uuiones which have just been mentioned, are also absent. It is 
therefore quite apparent, from a zoological point of view, that these 
collections represent only a part, and probably only a small part, of the 

«Seo Vol. I, U. S. (ieol. and Geog. Survi^v of the Terr., 1873. 
' See American Journal of .Science, Vol. IX (3), p. 52. 
«Seo Vol. Ill, U. S. Geol. Survey of the Terr., 1884. 
9 See U. S. Geol. Expl. 40th Parallel, Vol. I, p. 423. 
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land and fresb water molhiscau fauna which existed in and about the 
lake in which the John Day strata were deposited. 

The Uniones of these collections are of the plain oval, nnomamented 
type, such as is common to the fresh-water deposits of all the epochs 
from the Cretaceous period to the present time. The land snails, which 
are represented on Plate III, are not only of modern types, but at least 
three of the species are, in ujy opinion and that of Dr. R. E. C. Steams, 
too near like livin;? forms to warrant one in giving them new specific 
names. 

It is so apparent, from the evidence furnished, that these fossil forms 
represent the living species ancestrally that one may reasonably make 
the same use of them,' with reference to their genetic history, as if the 
continuity of that, history were known by actual observation. These 
forms, whose genetic history and specific identity have so evidently been 
continued in unbroken lines from the John Day epoch to the present time, 
have endured remarkable vicissitudes of physical conditions as well as 
considerable geographical dispersion since I^iiocenc time. Some of the 
changes which have taken place in that region since then are very re- 
markable. One of the greatest volcanic outflows which the earth has 
known, covering thousands of square miles with melted rock and forming 
the great mountains of the Cascade range, occurred in and near tbat re- 
gion since those niolluviks lived upon the borders of the John Day lake. 
The Glacial epoch has come and gone since then, and an immense 
subaerial erosion has taken place over the whole region, the extent of 
which one cannot comi)rehend without witnessing its results. Not a 
mammalian species or genus now exists indigenously upon the North 
American continent that existed then, and all other vertebrate forms of 
continental life have materially changed; but living descendants of 
those land snails are thriving to-day in the same region and under the 
same specific forms that their remote ancestors boi'e. 

The Truckee group, which King referred to the Miocene, and which has 
already been mentioned, also contains a small molluscan fauna all the 
members of which belong to other families than those which are repre- 
sented by the mollusca of the John Day dei>osit which are at present 
knowu.*'^ It may be that none of the species which are known to exist 
in one of these groups will ever be foun<l in the other; but that repre- 
sentatives of the families which are missing from each maj' yet be found 
in the other is to be expected, because those missing families are such 
as are usually represented in lacustrine waters. The probabilities that 
the land mollusca of the John Day deposit may yet be found in the 
Truckee and other Miocene deposits of Western North America are, 
hi my opinion, greater than that any of the gill-bearing mollusca of one 
should be found in the other if, as is supposed, those deposits were 



loSee Proc. U. S. Nat. Museum, V, pp. 99-102, PI. V; also Third Annaal Report of 
the U. S. Geological Survey, PI. XXXII. 
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Ibrmed in vseparato hy(lro^rai»liic. basins; because the clistaiiee between 
those sui)i)oseil basins was not so great as to prevent the free dispersion 
of land niollusks across the intervening space. 

It is true that the fauna of the Truckee group contains types of gill- 
bearing mollusca which are now extinct upon this continent; but this 
does not necessarily prove that it is older than the John Day fauna, be- 
. cause a considerable part of the living fresh- water types of North Amer- 
ican mollusks are known to extend back to much earlier epochs.^^ I 
have elsewhere shovirn the probability that the latter had direct and 
continuous fluvatile habitat from those early times to the present, while 
the Truckee fauna probably lived in a lake whose waters were not con- 
tinued in fluvatile streams to the present time, as other lacustrine 
waters were, after they had ceased to exist as a lake by the deepening 
of its outlet. The Truckee hydrographic basin, with its gill-bearing 
molluscan fauna, was probably destroyed as a result of the changes 
which attended the great volcanic outflows which have just been re- 
ferred to, while contemporaneous, and even older, lacustrine waters, 
further eastward, were perpetuated in a fluvatile condition to the pres- 
ent time. 

Whether the John Day, Truckee, and other lacustrine deposits which 
have been referred to the Miocene epoch were all really synchronous 
or not, must be shown by other evidence than that which the remains 
of mollusca, and especially land mollusca, have yet furnished, or that 
they are ever likely to furnish. The facts to which I have alluded show 
that during a part, and probably all, of the epochs which have passed 
since the closing portion of the Cretaceous period, quite dissimilar gill- 
bearing molluscan faunas existed contemporaneously upon the North 
American continent, a part of which faunas were closely' related to liv- 
ing faunas and a part were not. Therefore such dissimilarity does not 
necessarily prove a diflerencc^ of age. Again, a considerable proi>or- 
tion of the fresh-water and land mollusca now living in North America 
belong to tpyes which have been found fossil in the later Cretaceous, 
earliest Tertiary, and in subsequent strata ; and some of the forms 
which have lived in these diff*erent epochs are so nearly like living 
species that they cannot be satisfactorily separated from them. There- 
fore such forms alone cannot be relied upon to prove the synchronous 
origin of the formations which respectively contain them. 

It is evident that ever since land mollusca existed they have been 
very slow to change, even as regards their specific forms, and in all 
those continental areas whose fluvatile systems have been preserved 
through a series of epochs, the fresh-water gill-bearing mollusca also 
have been almost as slow to change as the land mollusca have been. 
Although the value of the fossil n^mains of land and fresh-wjiter mol- 
lusca is thus seen to be much less than that of the fossil remains of ma- 



" Seo Third Annual Roport. U. S. Geologicjil Survey, pp. 481-480. 
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rine mollasca, as indices of the geological age of the strata containing 
them, they are still of much value in local geology, and they are of great 
importance in biological Investigations. 

Yew as they are, the representatives of the John Day moUuscan faana, 
which are illustrated on Plates II and III, possess a good degree of 
interest in several respects. They not only all belong to types which 
are now living in or near the same region where the fossil forms are 
found, but a part of the latter are so nearly like living species that, as 
before said, I have not thought it advisable to separate them. The 
species are all difierent from any that have hitherto been know in a fos- 
sil condition. The extraordinary physical changes which have taken 
place in that region since Miocene time seem not to have interrupted 
the continuous existence there of the large and varied land mollnscan 
fauna which existed in the John Day epoch. Nearly related as are 
these fossil forms to living lamd mollusca, they are found associated 
with mammalian remains which belong to extinct species, genera, and 
families, and it is theiefore by means of the latter that their antiquity 
is shown. 

UNIONIDiB. 

Geuiw UNIO RETZIUS. 

Unio condoni, sp. nov. 

(Plato II, Fig8. 1, 2, and 3.) 

Shell transversely subelliptical in marginal outline, short in front of 
the beaks, elongate, and narrowing behind them to the posterior end ; 
valves moderately, but somewhat irregularly convex ; basal margin 
nearly straight, but having a slight emargination a little behind the 
mid-length ; front margin regularly rounded ; dorsal margin broadly 
convex ; postenor margin slopfng backward and downward above, and 
narrowly rounded below ; beaks broad, depressed, and situated near 
the front of the valves, often much eroded ; umbonal region broad and 
prominent. Surface plain except that upon the antero-basal portion of 
each valve a number of crenulated radiating lines appear. (Museum 
No. 13404.) 

Length, 90 millimeters ; greatest height, 53 millimeters. 

The specimens are all in a damaged condition, so that all the specific 
characters have not been clearly ascertained. The relative length and 
height of the shell appears to be subject to considerable variation, 
which is probably due in part to sex and in part to difference in age, 
the young, in all cases, having been proportionally shorter than the 
adult shells. A conspicuous feature of this species is its broad, promi- 
nent umbones, rising above the depressed beaks. The extensive ero- 
sion which the beaks of most of the specimens have suffere<1, and which 
evidently occurred while the animal was living, is also worthy of note. 
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The amonnt of the erosion is no greater than often occars apoo the 
shells of living fluvatile unios, but among the fossil species of North 
America eroded beaks have seldom been observed. 

The specific name is given in honor of Prof. Thomas Condon, who dis- 
covered the specimens which are figured on Plate II. 

HELICID^. 

The Helicidic of the John Day fauna, which are mentioned in the 
foregoing and following pamgraphs, and figured on Plate III, I sub- 
mitted to Dr. R. E. C. Stearns, whose familiarity with that family, and 
especially as it is developed in Western North America, is well known. 
His comments upon the same will be found under the head of the re- 
spective species on the following pages. 

Helix (Aglaia) fidelis Gray. 
(Plate ni, Figs. 1, 2, and 3.) 

The following are Dr. Stearns's remarks upon this form : 
"This fossil form at once suggests the well known and widely dis- 
tributed li\iug species EcUx (Aglaia) fidelis Gray, of Western North 
America. A careful comparison of it witb the very large geographical 
suite of that species, which includes a great number of localities within 
its known area of distribution, verifies the suggestion. The only objec- 
tion that I can anticipate as likely to be made is that the umbilicus, in 
the most perfect of the fossil examples, is closed; but in the specimen 
referred to there is some evidence of nicchauical flattening, as if by ex- 
ternal pressure. Aside from this, a critical examination of the large 
suites in the United States National Museum (the Stearns collection) 
shows a great range of variation in tbat character. While in some 
specimens the umbilicus is widely open, in others it is so nearly covere<l 
that a slightly increased deposit of callus in the umbilical region would 
so completely seal it as to make it imperforate. My conclusion is that 
these fossil specimens may be safely attributed to Hellv (Aglaia) fideliH.^^ 
(Museum No. 13400.) 

Helix (Patula) per spec tiva Say. 
(Plate 111, Fi«x. 7.) 

The collections contain only one example of* this form, which is some- 
what damaged. Dr. Stearns observes that this specimen, "in the num- 
ber and closeness of its whorls and general aspect, although somewhat 
distorted by compression, points dire<'tly to the living species Heli^i; 
(Faiula) perHpativa Say.*' (Musenin No. 13402.) 

Helix (Moiiodon dallii Stoanis (>!S.). 
(Plate 111, Tigs. 4, f), aud 0.) 

Dr. Stearns regards this form hs an nndescribed one, and he has 
accordingly furnished me with the following description of it, together 
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with some remarks upon its nearest allies, as indicated by his large col- 
lections : 

''Shell elevated, subconical, base flattened-convex, imperforate ; um- 
bilical region depressed. Lip moderately thickened and reflected. Sur- 
face traversed by line incremental lines, and also marked by minute 
pits (cicatrices t) as seen under a magnifier, indicating that it had a 
hirsute epidermis. Whorls six to six and a half, rounded and gradually 
increasing. Suture quite distinct. Aperture rounded, lunate. 

"Of the three specimens submitted to me for examination the fore- 
going description is made from the most perfect. A comparison of the 
three exhibits the following difterences: 

'' Maximum height, 0.C3, 0.52, 0.60 inches; maximum diameter, 0.8$, 
0.79, 0.85 inches. Apical angle about 95. 

" Mr. Tryon, to whom I submitted this form, regards it as allied to 
the West Polynesian groups Chlorea and QeotroehuSj and still more 
closely allied to the group Artemon of Streptdxis. After a careful com- 
parison of this fossil form with the living Helices of the west coast of 
North America, 1 find that while the former is larger than any speci- 
mens of Helix (Mesodon) columbianus that I have seen, and diflFers from 
that species in the matter of the umbilicus, and in having a less re- 
flected lip, in other respects it presents many of the characters of the 
latter, especially in the following particulars : In general aspect (size 
and umbilicus excepted), apical angle, when compared with elevated 
individuals; number of whorls and convexity of the same; sutural 
definition ; ratio of increase in the size of the whorls ; basal convexity ; 
and finally in the shape of the aperture. 

^^Helix (Mesodon?) dallii suggests an ancestral form from which Have 
proceeded such living representatives as are known by the names of 
Helix columhianus, H, devia^ and varieties H, germana^ etc. Of these 
well-known forms the first, H, columbiunus, dominates through the 
greater portion of its geographical domain. Its distribution is northerly 
to Lituya Bay, Alaska (Dall), where it is found on the forest-clad benches 
which extend from the base of the Mt. St. Elias Alps westerly to the 
Pacific Ocean, in latitude 59°. Southerly it extends to the region around 
Monterey Bay, California, (Hemphill), latitude 36o ; and if H. devia 
variety, from Salmon Si)rings, Idaho (Hemphill), may be regarded as 
so nearly related to H. cohimhianus as to warrant its being placed as a 
variety of the latter, then the range of the species is eastward to the 
meridian of 116o. Individuals which unquestionably belong to H. co- 
lumbianvH have been collected at or near the Dalles of the Columbia 
River, near the I2l8t meridian. There is reason to believe that the 
Kouthoin boundary of its range may be placed still further south, even 
to the n^^ion bordering upon the Santa Barbara Channel, south of 
latitude :U^. (Museum No. 13401.) 

''I have proposed for the specific name of this interesting form that 
of the eminent conchologist, Mr. W. H. Dall," 
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in the Eureka miniDg district, Kevada; and be has given to them the 
following names: AmpuUariaf potcelli^ Physa prfsca^ and Zaptychius 
carbonariaP These three species were published with figures in Science, 
Vol. II, p. 808 (1883), and also in Monograph VIII of the United 
States Geological Survey, pp. 261-263 (1885). 

These shells are especially intei*esting on account of their great geo- 
logical age and the evidence which they present of the great antiquity 
of two of the common fresh- water genera among living moUusks. Pul- 
monate gasteropods belonging to the Geophila have long been known 
in Carboniferous strata, but these are the first fresh-water gasteropods 
that have yet been found in North American strata of that age. 

There seems to be no room for doubt that the shell which Mr. Wal- 
cott refers to Physa is a typical species of that genus, nor that the an- 
imal which formed it was in all essential respects like its living conge- 
ners. The form which he refers with doubt to Ampullaria apparently 
belongs to that genus ; and its association with Physa favors this view 
of its generic character. Zaptychius is a new genus proposed by Mr. 
Walcott, which appears to belong to the Auriculid®. It is therefore 
suggestive of a more or less brackish condition of the water in, or near 
which it lived. 

Under the head of " Spurious and Doubtful Species," as treated in 
the '^ Review," mention should have been made of an Alaskan shell 
which Eichwald referred to the Unio martini of d'Orbigny. The 
shell in question was one of the collection which was made in Alaska 
by Peter Doroschin, and which was published by Dr. E. von Eichwald 
in a work entitled '* Bemerkungen ueber der Halbinsel Mangischlak 
und die Aleutischen luseln," page 168, Plate XVI, Figures 28 and 29. 
The specimen which he figures and describes, and which appears to 
have been the only one of the kind found by Doroschin, is less than a 
centimeter long, and is only a natural cast of the interior of the shell. 
Its genenc identity could not therefore have been determined with 
certainty ; and even if it had been found associated with a fresh-water 
fauna, it would have been impossible for any one to say with certainty 
that it belongs to the genus Unio^ much less to say to what species it 
belongs. Having been found associated with Ammonites it is without 
doubt a marine shell and therefore not a UniOj and mention is made of 
it here onl}^ because it was referred by Eichwald to that fresh water 
genus. 



CORRECTIONS. 



On page 459 (53) of the " Review," I have said : "Although Ccrithidea 
is a well known living genus of the Old World, this species at present 
stands alone, or without near known allies, either living or fossil, among 
North American mollusca, if its generic relations are correctly under- 



^See figures on next page. 
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Stood, aa stated above." That tbe shell referred to {Cerithidea nehras- 
cemis Meek & Haydeu) does thus stand alone as a distinct type, I still 
tbiuk in true; but the implied statement that there are no living species 
of Cerithidea in llf^orth America is an error. Several typical species of 
that genus are known to exist on both coasts of the southern part of 
North America. None of those species, however, nor any other North 
American forma known to me, either fossil or living, are of the tj'pe of 
the fossil form referred to. Meek & Hayden placed it with doubt in the 
subgenus Pirenella, but it seems to be more like a true Certtkium. 

Again, on page 423 (17] of the " Beview " I have said that the genns 
Dreiasma van Beneden " is not known to be represented in North 
America by a single species, either living or fossil." At that time I re- 
garded the D. leucopheata of Conrad, which is fonnd along onr Atlantic 
coast, together with a similar if not identical form fonnd in Florida, as 
belonging to the genua ModioUi. The animal of these forms has not yet 
been studied, but concbologista now generally accept tbem as species 
of Dreissena. 

Uu page 469 (63, of the " Review," eighteenth line IVom the top, for 
"Campeloma mvltiatriata" read Campehma multilituata. 




I. Zkptychini cBrbmiitriA. 
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KXPIiANATlON OP PliATES. 

PLATE I. 

CARUITA PLAX1C08TA. 



Fig. 1. Lateral view of a left valve. 

Fig. 2. Similar view of another left valve. 

Fig. 3. Similar view of a right valve. 
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PLATE II. 

UNIO COXDONI. 

Fig. 1. Lateral view of a right valve and part of a left valve. 

Fig. 2, Right side view of an imperfect example, showing eroded beak. 

Fig. 3. Vertical view of Fig. 2. All of natural size. 
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J^OTES ON THE STRATIGRAPHY OF CALIFORNIA. 



By Geoege F. Beceeb. • 



iNTRODrcTORY. — A Complete examination of the Coast Ranges ot 
California can hardly be undertaken by the Geological Survey for some 
years to come, consistently with the plans at present formed. The de- 
tailed study of certain small areas in these ranges, however, raised a 
number of questions a« to the age and stratigraphical relations of the 
various series of beds, which it seemed necessary to answer as well as 
circumstances permitted. Having reached certain conclusions, for the 
most part on structural grounds, it became indispensable for mo to 
obtain the co-operation of an expert paleontologist. At my solicitation, 
and with the approval of the director. Dr. C. A. White consented to visit 
the field with me. He passed several months of the summer of 1884 in 
studying my collections and the occurrence of fossils in place with ref- 
erence to the points at issue. His results appear in Bulletin No. 15, 
that and this being complementary to one another. I had the great sat- 
isf action of finding that Dr. White was led from a purely paleontological 
position to conclusions entirely accordant with those at which I had 
already arrived on structural gi'ounds. His long experience as a gen- 
eral ^^oologist also made his agreement with me as to the structural in- 
dicatious a welcome confirmation of my opinions. These studies, in 
conjunction with many observations made by earlier workers on the 
Pacific Coast, particularly those of the State Geological Survey of Cali- 
fornia, under Prof. J. D. Whitney, have led to some seemingly well es- 
tablished general conclusions of interest. The more purely geological 
results will be presented in the following pages, in the imperfect form 
in which alone it will be possible to give them until an immense amount 
of additional work shall have been done. 

Metamorphism in the Coast Ranges.— Throughout the Coast 
Ranges of California there occur large irregular areas of rocks in the 
condition ordinarily regarded as metamorphic. They are characterized 
lithologically by the presence of serpentine (perhaps accompanied by 
some other magnesian minerals) or silica, or both. Of the secondary 
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nature of the silicification there can be no doubt, since the^quartz and 
opal occnr mainly in the form of veins and stringers, for the most part 
occupying tiny cracks in the rock. The serpentine was also regarded 
as ail alteration-product by Professor Whitney and his assistants, and 
with this opinion I am compelled to agree, after a careful study of the 
phenomena, both structural and microscopic, the details of which will 
be published on another occasion. Where the stratification of the met- 
amorphic rocks is not obliterated, they are seen to bis greatly disturbed, 
having been sometimes broken up into a chaotic mass of fragments, 
since cemented by silica or serpentine, and sometimes thrown into sharp 
l)lications. In the latter class of cases it is often clear that plication 
has not been eftected by flexure, but by innumerable fractures, the re- 
snltiufj fragments often averaging less than one-quarter inch cube. 
These particles were retained in approximately their original position 
by mutual pressure, and have been recemented by silica. The most 
striking instances of this character are seen among thin-bedded rocks, 
either sandstones or sandy shales, and such are remarkably frequent in 
this series; indeed they might be said to be characteristic of it, though 
occasionally met with in formations which appear to be later than the 
most important era of metamorphism.^ 

Besides the rocks referred to above, the Coast E^nges include others 
which have been subjected to more or less complete alteration. Thus 
along the shore of Carmelo Bay, Miocene schists have been locally 
changed to a cindery mass, as if by the action of heat, but these rocks 
be^ir no resemblance to the serpentiuized and silicilied material just do 
scribed. More or less complete induration is common even in the most 
recent rocks of the coast, and oxidation and im])regnatiou8 with calcite 
and gypsum occur abundantly in rocks of all ages. In the present 
paper, however, the term metamorphism, unless specially qualified, must 
be understood to refer to serpentiuization, silification, and associated 
changes. 

Age of the metamorphic rocks of the Coast IkAnges.— Kocks 
of the metamorphic series often pass over into unaltered beds under 
such circumstances as to preclude a doubt that they are of the same 
age ; but unfortunately the unchanged strata seldom contain deter- 
minable fossils, and only a small number of occurrences are known in 
which the age can be satisfactorily established by direct evidence. In 
addition to these cases, however, there is a considerable amount of 
tolerably satisfactory indirect evidence available, when all the circum 
stances are taken into consideration. The neighborhood of Knoxville, 
Napa County, affords an excellent opportunity for the study of the 
metamorphic rocks. This region has also been mapped and examined 
in detail as a portion of a series Of studies which, with abundant illus 



'Tlie peculiarity of these tUin-beddod, plicated, metamorpbic rocks was observed 
and frequently referred to hy^ Professor Whitney. 
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trations, will appear hereafter. A .section across the north fork of 
Dn vis Creek, a little north of the Reed mine, a short <listance from Knox- 
ville, shows that the ravine occupies an eroded ansiclinal of which the 
western portion is highly metamorphic, while the eastern consists in 
part of hijjiily fossiliferous strata, containing Aticella of two varieties, 
with other molluscan remains. A map of the region shows that the 
strike of the unaltered strata throughout is tolerably constant, but that 
areas of metamorphic and unaltered rocks, the latter nearly all contain- 
ing a few fossils, are interspersed in the most irregular manner. While 
the i)assage from metamorphosed to fresh rock is usually rather sudden, 
there are also clear cases of transition. The whole structure and the 
stratigraphical relations are such as to preclude every supposition except 
that the metamorphic rock is an alteration product of the same beds 
which contain Aucelia and the accompanying fossils. These fossils, and 
these only, occur over a strip of country several miles in length, in 
which Knoxville is the only town. Dr. White and I have therefore 
agreed to call these characteristic beds the Knoxville group. Their age, 
as may be seen from Dr. White's bulletin, is near the limits of the 
Jurassic and the Cretaceous, and it is not quite certain to which they 
belong, if indeed they are not intermediate or transitional. 

Close to the Manzanita gold and quicksilver mine on Sulphur Creek, 
in Colusa County, the metamorphic rocks contain impressions of Aucelia 
Piochii^ and close by are beds of limestone full of Rhynconella Whitneyu^ 
The metamorphic rocks of this region are 8eri>entinized and silicified, 
and the thin-bedded strata show the characteristic contortions accom- 
panied by a fine network of veins-of silica. At Mount Diablo, too, there 
is abundant proof of the Knoxville age of the metamorphic rock. Pro- 
fessor Whitney, writing before Mr. W. M. Gabb had made his final 
divisions of the California Cretaceous, mentions the occurrences at Mount 
Diablo as conclusive of the Cretaceous age of the metamorphic rocks, 
but without enumerating the associated fossils. From an examination 
of the fossil localities in Mr. Gabb's work, however, it appears certain 
that these were Aucelia^ etc. An examination which Dr. White and 1 
undertook for the purpose shows that in Bagley Creek, a^put a mile 
from the summit, Aucelia occurs abundantly close to the edge of meta- 
morphosed strata; indeed, in partially metaraorphosi*d strata conforma- 
ble with those extremely altered, and in structural relations to them, 
which clearly indicate the same age. My assistant, Mr. H. W. Turner, 
subsequently found a series of beds, some of which had escaped action 
and contained Aucelia^ though inclosed on both sides by highly meta- 
morphic strata. Mr. Gabb also mentions^ an Aucelia locality near the 
New Almaden mine which I have not thus far been able to identify. 



' These Hpeciraens were determined by direct oomparisonv with specimens in the col- 
lection of the State sarvey. The figure given in PaL Cal., VoL II, Plate XXXIV, is 
incorrect in important partlcnlars. 

^ Pal. Cal., Vol. II, p. SM7. 
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So far as is known, that part of the country consists of metamorphic 
rocks overlain by Miocene strata, and there can be ■ little doabt that the 
Aucella beds belong to the metamorphic series. Alcatraz Island, close 
to San Francisco, consists of metamorphic sandstone and shales not 
distinguishable from those of San Francisco or of Mount Diablo. Here 
Major Elliott discovered an InoceramuSy considered by Mr. Gabb and 
Dr. White as establishing the Cretaceous age of these rocks, though 
indecisive of the portion of this formation to which they should be re- 
ferred. The above comprise all the instances known in which the age 
of the silicified and serpentinized metamorphic rocks is directly deter- 
minable by paleontological evidence. 

Of other cases of alteration of rocks known not to belong to the 
Knoxville beds I have already mentioned the very remarkable but 
utterly different change in the Miocene strata near Monterey. In the 
Arroyo de la Penitencia above Alum Rock, near San Jos^, there is also 
an area of altered Miocene sandstones referred to by Professor Whitney.* 
The rock here is much indurated and is full of veins of caloite. No objec- 
tion can be made to its description as metamorphic by Professor Whit- 
ney, but it is not serpentinized and silicified, and does not partake of 
the characteristics so strongly marked in the highly metamorphosed 
rocks of the Knoxville group. On the other hand, there are plenty of 
rocks of this group no more altered than the Miocene of the Arroyo de 
la Penitencia and some areas still less modified. The Tertiary of the 
Arroyo has been subjected to influences seemingly identical with those 
which have affected portions of the Knoxville beds, but not to those 
which have produced in the older strata the characteristic serpentini- 
zatioii and silification. Professor Whitney also refers* twice to altered 
beds in the San Francisquito Pass, which, indeed is to the south of the 
Coast Kauges as usually defined. In the first reference he states that 
*' this belt of metamorphic is referred by us to the Cretaceous formation, 
from general analogy rather than from ai>y direct e\idence of fossils." 
lu the second reference they are mentioned as "Miocene rocks turned 
upon edge and so much metamorphosed as to be converted into mica 
Rhite." Ko statement of the means of determination of the age of these 
beds accompanies this remark, which, however, occurs in a brief sum- 
mary of the geology of the Coast Ranges. Whatever the evidence may 
be 111)011 which the change of reference was made, it can have little 
bearing upon the age of the metamorphics in the central Coast Ranges, 
nor is serpentinization referred to as forming a part of the phenomena. 

So far as is known, therefore, no beds in the Coast Ranges of Califor- 
nia younger than the Knoxville group have experienced the peculiar 
uiagnesian and silicious metamorphism so characteristic of these ranges. 
No fossils antedating the Knoxville period have anywhere been discov- 

-•Geol. Cal., Vol. I, p. 51. 

*Geol. Cal., Vol. I, p. 196. Aur. Grav., p. 19. 
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ered in the Coast Eanges. For the most part it would seem that rocks 
indistinguishable in habitus from the Knoxville group rest directly upon 
the granite. In the Gavllan Range, however, an extremely crystalline 
limestone is the lowest sedimentary formation.® It is so highly meta- 
morphosed where thus far seen as to oflfer no hope of fossils, and its 
general appearance is such as to suggest a far greater age than the 
Jurassic. Nothing of the kind is known to exist between this point and 
Clear Lake. A portion, at least, of the characteristic metamorphism of 
the Coast Ranges took place before the beginning of the Chico period. 
Metamorphic pebbles are common in the Chico conglomerates, bnt these 
are usually wholly silicious. This is in no way inconsistent with their 
having been derived fix)m areas of metamorphosed Knoxville beds, for 
serpentine is easily abraded and easily decomposed, so that it readily 
escapes redeposition. These pebbles might also, however, have been 
derived from some earlier metamorphic area not now exposed. But in 
the Wallala'' beds, a series extending along the coast from near Fort Ross 
at least to Wallala, and which Dr. White regards as probably prior to 
the Chico, serpentine pebbles from the adjoining metamorphic area are 
tolerably abundant. This area is a large one and no Knoxville fossils 
have been found as yet near Wallala, but the metamorphic is continuous 
with that of Colusa and Napa Counties, where we know that the inag- 
nesian metamorphism Involved the Knoxville beds. These pebbles, 
then, are probably of Knoxville age. New Idria lies at the soutliern ex- 
tremity of the Mount Diablo range, which takes its name from its most 
northerly peak. The range is essentially a metamorphic ridge flanked 
by inclined strata* not altered. The metamorphic axis can be followed 
almost continuously, and perhaps quite so, but while at the northern 
end the metamorphic rocks are certainly of Knoxville age, at the south- 
ern end the externally indistinguishable material contains, so far as 
known, only a^ few indeterminable plant remains. It appears to me al- 
most beyond reasonable doubt that the metamorphic of New Idria in- 
cludes Knoxville beds. 

Similarity of lithological and physical character may, I think, be 
given too much weight in geological diagnosis. I cannot conceive, for 
example, that any degree of similarity betweeh the rocks of California 
and those of Switzerland should properly be considered as even tend- 
ing to prove the age of either. I go farther, and refuse to regard the 
metamorphism of the rocks of ButtQ County as necessarily contempor- 
aneous with that of the strata of Napa County in spite of external 
similarity. On the other hand, within properly limited areas, observa- 
tions show that the same fauna is associated with similar rocks; while 
if it were impracticable to draw any conclusions as to age, except where 

«Cf. Dr. Antiseirs paper in Pacifio Railroad Survey, Vol. VII. 

^Tliis Dame is varionsly spelled Gaalala, Gaadala, Walhalla and Wallala. The last 
is the spelling adopted by the Coast and G^eodetio Survey after careful scrutiny and 
consideration. // (^s (l/ ^-Jj*."^ /. n \y.--^ {/■ ( ^ . « c 
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the rock is fossiliferous, or where absolate continuity with fossiliferons 
localities, uninterrupted by faults, could be proved, geological mapping 
would be impossible. In California great use can be made of resem- 
blances. Thus the T^jon strata of New Idria are mostly heavy bedded 
sandstones of a peculiarly light color, which there distinguishes them 
from the tawny Ghico sandstones. Both are fossiliferous there as 
also near Mount Diablo, where, at a distance of 125 miles from New 
Idria, they preserve the same external characteristics. Similarly, the 
Knoxville beds of Knoxville and Mount Diablo are externally indistin- 
guishable and, in their typical development, even when unaltered, very 
different from most of the later rocks. 

Excepting the i)eculiar limestones of the Gavilan Bange, there is no 
occurrence known in the Coast Ranges which suggests the presence of 
beds older than the Knoxville. Such may nevertheless be included in 
the metamori)hic series, and may have undergone upheaval and meta- 
morphism at the same date. There is also a possibility that older rocks 
not only exist, but were metamorphosed before the deposition of the 
Knoxville, so that the metamorphic areas in contact with the Wallala 
beds on the coast and with the Chico strata at New Idria may conceiv- 
ably be earlier than the Knoxville. Even this supposition, which, in the 
absence of any evidence tending to it, seems rather far-fetched, would 
have no eilect on the conclusions drawn in this paper, unless it could 
be maintained, not only that such was the ca^ but also that the violent 
upheaval and metamorphism which followed the Knoxville left the sup- 
posed older areas undistui'bed. This would conflict with all analogy. 

It is, perhaps, worth while to note that as a rule the character of the 
topography of the areas occupied by Shasta rocks differs widely from 
that of regions in which only the more recent beds are laid bare. In 
the metamorphic areas the valleys usually occupy anticlinals, tliough 
the erosion appears to have been partially controlled by the extent of 
the metamon>hism.^ Such surfaces necessarily indicate extremely pro- 
longed exi)osare. On the other hand, where the surface is occupied by 
rocks of the Chico or later groups, erosion has often approximately 
followed the bedding. 

The foregoing facts and the necessary inferences from them appear 
to justify the statement that the silicified and serpentinized metamor- 
l)hic rocks of the Coast Eanges include a portion of the Knoxville beds, 
and do not include any portion of the Chico or of the Wallala series, 
while if there were pre-Knoxville rocks within the metamorphic area« 
tlioy must have undergone at least a fresh disturbance at the time when 
the Knoxville beds were broken up and metamorphosed. 

NONCONFOIIMITY BETWEEN THE KNOXVILLE BEDS AND THE 

Ciiico. — Had the proof of this nonconformity been a simple matter, it 
could not have escaped attention of some one of the several able geol- 

^Cf. Dana's Manna], p. 750. 
(202) 
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ogists who have done more or less work in the Coast Eanges. The 
difficulty is in part due to the rarity of fossils in the older groups over 
a great portion of the area in question, which often leaves the observer 
without absolute proof of the age of the rocks about him ; but the main 
obstacle arises from the complexity of structure. Few geological phe- 
nomena are more striking than a nonconformity where the overlying 
strata are nearly horizontal, the underlying rocks greatly inclined and 
the exposure tolerable. This combination is rare in the Coast Eanges, 
and no such case is known where the Shasta and Chico beds meet. 
The post-Miocene uplift traced by Professor Whitney has folded, faulted^ 
and broken the later Cretaceous and the Tertiary rocks as well as 
the earlier strata npon which they were unconformably deposited, so 
that it is usually far from easy to make out the effects ascribable to 
the earlier and later disturbances respectively, and still more difficult 
to prove that no explanation except that of a nonconformity before the 
Chico will account for the facts. I believe that the structural evidence 
to be presented amounts to a demonstration of this nonconformity, but 
even after having delayed publication for a considerable time in order 
to secure more data, the proof, though convincing, is less abundant 
than I could wish it. The paleontological argument for this noncon- 
formity is a very strong one, as will be seen from Dr. White's paper, 
but I had detected the gap before he joined me and while in ignorance 
that an hiatus existed in the succession of organic forms. The evidence 
will, therefore, be presented here chiefly from a purely structural stand- 
point. 

In the neighborhood of the ITew Idria mine the metamorphic rocks 
have been greatly disturbed, while the Chico strata though tilted at a 
high angle are remarkably regular. Owing to the steepness of the con- 
tact, however, Iwas unable to find aqy exposures showing both series 
together from which thoroughly satisfactory inferences could be drawn 
as to the relations of the underlying and overlying rocks. 1 therefore 
resorted to a study of the exposures of each separately, for which the 
region offers unusual facilities. It was found possible to follow single 
strata of the Chico uninterruptedly for a large part of a mile, and in 
favorable cases to recover the croppings with substantial certainty after 
passing intervals covered With detritus, by the aid of lithological pe- 
culiarities combined with topographical indications and the strikes ob- 
served at the exposures.® The contact with the metamorphic rocks 
was also laid down and a great number of dips were obsei*ved in the 
metamorphic area. In order to eliminate the irregularities due to the 
varied topography of the lines of croi>piug8, and the contact as laid 
down on the map, each line of croppings was reduced to its intersection 
with a plane of the mean altitude of these croppings, following the in- 

^Tbis would have been ezoessively difficult, if not impossible, but for the aid af- 
forded by an almost ideally good contour map on a scale of 800 feet to the iDcli pre- 
pared for me by Mr. J. D. Hoffmann. 
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dicatioD of the local dlp& Tlie renha §hemwd tiAt tke Chico strata 
are parallel in strike and thiovn into i miilj fci Tl^i undnlatioiiBi 
while the metamorphic area is a moeahattcrad wumL, Ihe eoDtaet has 
approximately the same general direcsioQ as tke CUeo bedBy but does 
not entirely coincide with their strike. It is a nngk fine, but not 
rougher than one which woold represent the Tortieal sectino of an or- 
dinary 0ea-bottom near the eoast. The d^ of the Chin strata de- 
creases as the distance from the eonlael iiJCifSM 

Thiri stractnre either represents a mmconfannity or else the meta- 
mori>hi8m and accompanying distnrhances oecnned after the deposition 
of the Chico beds bnt ended sharpy at a certain line. It might at first 
sight seem impossible that an area several miles in width should be 
crainpleil, broken quite as thoroughly as a representatiTB area of the 
Archaean along the eastern coast, and further for the most part con- 
verted into serpentine and chert, but that both meehanieal and chemi- 
cal action shoald cease abruptly at a given line. Nevertheless instances 
of uiiich the above might pass for a description actually occur and are 
perhai>8 more frequent in the Coast Banges than elsewhere. All 
geologists who have visited this region are aware of the very irregular 
distribution of the metamorphic areas and it has already been pointed 
out that, for example at Knoxville and at Mount Diablo, the metamor- 
pliic pasnes over into unaltered or very slightly altered Knoxville beds 
suddenly, though under circumstances which preclude the supposition 
tliat the adjoining areas represent different formations. There are, 
liowrver, Ri^nificaDt differences between these occurrences and the con- 
(iitioiiH at >^'Av Idria. The limits of metamorphism in areas consisting of 
Knoxville hedH, however sharp they may be, are exceedingly irregular, 
t\u\ outline beiiic; substaotially indei>endent of stratification, cutting 
Ht rat a iiioro often than following them, and presenting all sorts of convo- 
lut ions. There are almost invariably also outlying areas of metamorphic 
rock and included masses of unaltered rock. Furthermore at least here 
and t licK^ are distinct transitions between unaltered and metamorphic 
ro(>k. A t New Idria, on the other hand, a section of the contact normal 
to tiie surface extends over at least several miles (as far as it was fol- 
lowed) ill a tolerably straight line. There are no outlying patches of 
inctaiiior)iIiic rocks; the included masses of comparatively unaltered 
rock Nccui \\ holly different fn)m the Chico strata above them and, though 
there is a considerable alteration of a portion of the overlying mass, 
this alteration is not of the same character as the magnesian and 8il>- 
ciouH nietanior[)hism of the underlying rock j nor could I find any dis- 
tinct case of transition. Finally, in the Chico conglomerates a part o! 
the pebbles seem entirely to resemble the silicified or jaspery portions of 
the i^resent metamorphic area while a few appear both macroscopicallj 
and microscopically identical with the serpentinized rocks of Knox villt 
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Some further evidence of the relation of the two series was found a 
few miles to the southeast of New Idiia, where a branch of Gantna 
Creek cuts through a portion of the range. Here the heavy-bedded, 
tawny Chico sandstones, lying at an angle of about 45^, cap the hills 
which are intersected by the brook, while in the bed of the stream the 
thin-bedded metamorphic strata stand vertically. No actual contact, 
however, could be found, the interval being covered with detritus. 

There seems no reasonable explanation of the structure at and near 
New Idria, except by the existence of a non-conformity. Though the 
evidence may seem less satisfactory than that which would be ])re- 
sented by an ideal exposure, it is derived from the correlation of the 
structural evidence along the contact for miles, and in this respect is 
superior to any but the very best local exposures of unconformable 
cout-acts; for every geologist must have observed cases where uncon- 
formable exposures were closely simulated by local faults. Could it 
be proved that the underlying mass is of greater age than the Knox- 
ville the evidence would nevertheless indicate a non-conformity between 
the Chico and the Knoxville, unless it could be shown that the convul- 
sion which has so marvelously crushed the Knoxville beds, at least from 
Clear Lake to the neighborhood of New Almaden, was unfelt at New 
Idria, while the comparatively gentle post-Miocene upheaval certainly 
extended throughout the Coast Kanges of California and Oregon. 

Mount Diablo and the surrounding country consist of a core of met- 
amorphic rock inclosed nearly or quite quaquaversally by rock of Chico 
and Tertiary age. The core is highly contorted, and for the most part is 
in an extremely metamorphosed condition, though here and there it is 
comparatively fresh, and in some cases contains Aucella and associated 
fossils. The oyerlying Chico, T^jon, and Miocene strata are tilted, but 
otherwise comparatively undisturbed. Over wide areas these three 
series seem to be perfectly conformable, nor is there any case known on 
the Pacific coast where there seems any ground for suspecting a non- 
conformity within these limits. Mr. H. W. Turner, my assistant, spent 
•several days in this region, collecting fossils from various beds and 
searching for some exposure in which the relations of the Knoxville 
beds and the Chico could be well made out. The result was negative, 
no exposure being deieeted from which a non-conformity could be estab. 
lished beyond a question. On the other hand, the structure is much 
more easily accounted for by supposing a non-conformity to exist than 
by assuming conformity. The upturned edges of the more recent strata 
form long, smooth curx'es enveloping the plicated and metamoiphos^^d 
core, and nowhere was there any metamorphism in the strata identified 
as Chico. The pebbles of the Chico conglomerates were metamori)hic, 
but entirely silicious, and neither distinctly the same as the core of the 
mountain nor essentially different. 

From about a mile south of Fort Eoss northward for an unknown 
distance the sea-coast of California is formed by a terrace separated from 

(205) 



16 STRATIGRAPHY OF CALIFORNIA [bull. 18. 

the beach by clift's.^^ The rock exposed on these cliffs and at croppiugs 
on the terrace is composed of soft tawny sandstones, like those of the 
Chico, dark shal^, and coarse conglomerates. The sandstone predomi- 
nates. About a mile north of Wallala several fossils were found, and 
careful search at many points to the southward disclosed a few more 
from the same beds. These Dr. White regards as probably older than 
the Chico, but younger thau the Knoxville group. At the chief fossil 
locality, near Wallala, the shells were found in part in sandstones and 
in part in the matrix of a conglomerate the pebbles of which are serpen- 
tine and other mctamorphic rocks (exactly similar to those of typical 
metamorphic areas of Knoxville and Mount Diablo) and granite. The 
metamoi pliic pebbles are considered as valid evidence that the meta- 
morphism and accompanying disturbances took place before these 
Wallala beds were deposited. 

At the southern extremity of this terrace, below Fort Ross^ there is 
a sharp contact between the Wallala beds and the metamorphic serpen- 
tinized rock which extends from this point to below the Russian River, 
if not to the Golden Gate. Passing back into the hills, the Wallala 
beds are found capping the first range of elevations opposite portions 
of the shore which are composed of the metamor[)hic rocks. 1 believe 
no one could examine this locality without being convinced that the 
Wallala beds rest unconformably upon the metamorphic, Hor could any 
one pass inland from the mouth of the Russian River to Knoxville with- 
out feeling sure that the metam6rphic is uniform in character and sub- 
stantially continuous, though occasionally masked by eruptive rocks and 
possibly by a few patches of unaltered strata. 

There is fui'thermore much indirect structural evidence that a non- 
conformity must exist between the Knoxville beds and tjie Chico. The 
exposures at Mount Diablo show that there, at least, no deposits were 
formed between the Kuox\ille and the Chico. Were the fauna of the 
Walljila beds more decisive as to age, it might therefore at once be main- 
tained that (luring the WallaUi period the Knoxville beds of Blount Di- 
ablo niusl have been above >Tater. But this argument is not necessary. 
Upon the Cliico lies the Tejon (I omit the Martinez '^ as a mere subdi- 
vision), and next follows the Miocene. The stratigniphical relations, as 



"This tfiraco iippi'ars to im^ Lcyoinl cinestion a raised beach. A careful comparisou 
of its topo^^iaphy with that of the beaches more or less exposed at low tide showed 
a c(.iiespoijdi'nce in character seemingly perfect. Still better evidence was the dis- 
covery of rock in place on the terrace at two points separated by several miles, in 
which were niimistakal.)le VhohiH borini^s indistinguishable from those frequent at the 
present water-level. Some of them wore filled with hardened earth which had pre- 
served thiir interior surfaces i)erfectly smooth. One locality was by estimation about 
100 feet above tide water, the other more than double this elev;'tion. As is wrll 
known, there have been dilfereuces of oi)inion as to the character of the terraces on 
the C'jilifornia const. 

" 'I'his name has crept into geological literature under the entindy incorrect form 
Martihc/,. 
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well as organic forms, 8li<5w a continuous scdimontation and a contin- 
uity of life between the Chico and T6jon. Between the Tejon and Plio- 
cene there is nowhere any suggestion of a non-conformity.^^ Near ]Sow 
Idria and at Mount Diablo, for example, the Mioceue seems as strictly 
conformable with the Tc^on as this with the Chico. So, too, along the 
flank of the Sierra Nevada, both Chico and Miocene remain almost per- 
fectly horizontal. There is, in fact, evidence that the country was sink- 
ing at the period of time which separates the two ems. Had there been 
a great upheaval, accompanied by intense metaraorphism, between the 
Tejon and the Miocene, it seems impossible not only that no trace of a non- 
conformity between these beds should have been detected, but also that 
no Chico or T6jon strata should have been found metamorphosed. But 
somewhere between the end of the Knoxville and the beginning of the 
Miocene there was a great upheaval, accompanied by silicious and mag- 
nesian metamorphism and followed by enormous erosion ; for at many 
points the unaltered Miocene rests unconformably upon the metamor- 
phic rocks. This I have observed on San Bartolo Creek and in the val- 
ley of the Sun Benito, to which the other is tributary. Professor Whit- 
ney found the Miocene resting unconformably upon the metamorphic be- 
tween the Guadalupe Mine and Forbes's Mill, also near McCartysville,^^ 
as well as north of the Golden Gate ; " for instance, near Tomales,^' 
while, in spcjiking of the neighborhood of Suscol, he says^® "it is prob- 
able that the most extensive disturbances of the Cretaceous, as also the 
larger portion of the metamorphic action upon it, had taken place be- 
fore the Tertiary marine and volcanic beds were deposited." 

There being nothing whatever to indicate any upheaval between the 
T^jon and the Miocene, this indirect evidence alone is sufficient to es- 
tablish the fact of a non-conformity between the close of the Knoxville 
and the beginning of the Chico. Add to this the direct evidence at Xew 
Idria and Fort Ross, and to this again the paleontological evidence of 
an hiatus in the organic succession, probably amountiugto the entire 
period re])resented by the sum of all the Cretaceous rocUs of the coun- 
try east of the liocky Mountains, and it appears to me that the conclu- 
sion is irresistible. The precise time at which the Knoxville strata 
were upheaved and metamorphosed cannot be determined from any 
known facts. It must have been long before the first of the Wallala 
beds were deposited, and still longer before the opening of the Chico pe- 
riod. In the absence of any strata intermediate in age between the 
Knoxville and the Wallala beds it seems more probable that the up- 
heaval took place soon after the close of the Knoxville period than at 
a later date or neither long before nor long after the Neocomian. 



^2 Professor Whitney (Aur. Grav., p. 26) writes: ** The Miocene and the Cretaccona 
seem everywhere to be conformable with each other." The Cretaceous here referred 
to is, of course, the T^joo. 

" Geol. CaL, 1, p. 69. ^* Id,, p. 79. »* Id., p. 83. »6 /^.^ p. i03. 
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Identity of the Mariposa and Knoxville beds. — The gold belt 
of California, as hitherto traced out by miners and geologists, is an area 
of peculiar form. From Mariposa County to Nevada City, in Nevada 
county, a distance of about 15() miles, the belt is a strip of country 
nearly parallel to the crest of the Sierra, and about 30 miles in width. 
To the northward of Nevada City it rapidly widens, becoming at the 
same time less well defined. To the north it is finally terminated by 
extensive lava fields, while towards the north west the country gradually 
loses its auriferous character as the coast is approached. Within the 
gold-bearing region three fossiliferous areas are known to exist. From 
the McCloud Eiver to Pence's Ennch extends a belt of highly meta- 
morphic limestone containing Carboniferous fossils. At Genesee Val- 
ley the State survey found fossils regarded as Triassic. Both of these 
localities are far removed ftom the narrow strip of country lying along 
the foot-hills from Mariposa to Nevada, and which is often known as 
the gold belt proper. In this narrow portion of the auriferous area, 
though the rocks are for the most part highly metamorphosed, a number 
of fossils have been found belonging to Aucella^ Belemnites^ etc., which 
are discussed in Dr. White's paper. Meek first described these fossils^' 
and ascrilied them to the Jurassic chiefly on the ground that Aucella 
*Ms, so lar as is known, entirely confined to the Jurassic rocks." 

Pre\ions to the discovery of fossils on the Mariposa estate in the 
series which I shall call the Mariposa beds. Professor Whitney and his 
associates had collected in the Coast Ranges BelemniUSy a shell deter- 
mined as Inoceramus Piochii, and some others from the strata which I 
have entitled the Knoxville beds in this paper. Mr. Gabb described 
them as Cretaceous forms,'^ Some years after Mr. Meek had referred the 
Mariposa beds to the Jurassic, Mr. Gabb redescribed Inoceramus Piochii as 
Aucella Piochiiy^^ a change of genus which I understand to be unquestion- 
ably correct. This correction would seem to have been of evident im- 
portance to the stratigraphy of the State, for through it the fauna of a 
large part of the known rocks supposed to belong to the Shasta group 
of the Cretaceous acquired the strongest resemblance to that of the 
Jurassic of Mariposa County. Indeed there seems scarcely room left 
for a distinction ; if Aucella is distinctively Jurassic, the Aucella-heaT- 
iiig beds of the Coast Eanges must be members of that system, while 
If these Aucella beds are Cretaceous, Aucella is not a distinctively Ju- 
rassic genus even in the State of California, and Mr. Meek's principal 
reason for assigning the Mariposa beds to the Jurassic loses its valid- 
ity.-" Piofessor Whitney states that wbile the Mesozoi^ age of the 



''Geol. Cal., Vol.1, p. 477. 

'a\al. Cal., Vol. I. 

"Pal. Cal., Vol. II. 

-^'TliiH ar;i;iim(*nt lirst sngfTostcd itself to me on a preliminary visit to Knoxville, 
tvo yeans since. From an inquiry on the snbject a'ldresaed to Dr. White through 
one of our colleagues, eventually resulted his visit to this coast. 
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' Mariposa beds is proved by tlieir fossils the pre-Cretaceous age of these 
strata is demonstrnteil from their stratigraphical relatioBS. Professor 
Whitney lias indeed stioirn tbiit Cretiiceons stnita rest ouconformabl.v^' 
nimn the upturimd edges of the auriteroua slates along the foot-hills of 
the Sierra at several points; bat 1 find no record of any snch bed so low 
as the Ennxrille group.*' All the fossils recorded in this pdsitiou arc 
Gbico. This does not indeed preclude the possibility that the Maripasa 
beds aro Jurassic, aud the Aucella beds of the Coast Ranges Cretaceous, 
for the former might have been above water during the Shasta e])och. 
But were Cretaceous strata coutaiuing the so-called Awtella Piocliii to 
be found resting in a nearly horizontal position upon the Mariposa beds, 
It would prove not only that the genus had persisted from Jurassic into 
Cretoueons times, bat that in essentially the same locality the genus was 
repi-esented immediately after a great aud wide-spread upheaval by 'a 
species nearly or quite indistinguishable from one which bad inhabited 
it prior to this convulsion and the attendant metamorpUism. Zoologists 
would probably tliiuk sacb a survival very straugeif it could be proved, 
and very improbable unless the proof were ample. 

On the other hand, if the Mariposa beds are considered as e<)U)val('nt 
to the Knoxville beds of the Coast Buiiges, the uou-confonnity between 
the Chico beds and those of Mariiwsa is the same which has been traced 
io the preceding pages a.s existing in the Coast Kanges. Dr. White, 
after examination of Meek's tvpes and new and better specimens which 
we collected together, is unable to draw any xpeciflc distinction between 
the Aucc2iaof the Mariposa beds, and that of the Knoxville beds. Were 
it otherwise the upheaval and metamorphism of the two series wouhl 
still bo referable to nearly the same period, aud would be presamptively 
simultaneous. 

The lithological resemblance of the ro<;ks of the Mariposa estate to 
those of many portions of the metamorphic rocks of Knoxville age is 
very strong. There is a similur prevalence of tbiu-liedded strata which 
silicification aud serpentinization are cQually the predominant charac- 
teristics. Plication and fracture are less noticeable than in the Coast 
Kanges. One geologist has maintained that the fossiliferous rocks of 
this locality did not form an integral ]H>rtion of the auriferoas series. 
Neither Dr. White nor I was able to see any ground for this assertion. 
The fossiliferous rocks are metamort)hic like the whole series; they 
have the same dip and strike; they are unquestionably aurifcrous, gotti 

dof tJuuditanceof thliintiii-eouftirmltjr, thoagh the lui'al- 

d tigee of the iiu- 

% Amid iu iht) 

WwSVjTodliltlH 

ifMAll&ranitiiepo»t'lIi«MiieafdUUnlfc*CaiiM AaB(M»«iU luv ueoily Uori^oiital. 
The Muiii>uau bnils nit aluunt vorltoftli 

■> The Mbell frum Tnauw 8B^UMnMAf|ttribG|L^j!al^jf.,KQT^^ Jii«Drr<ii»n« 
Plochii. Is reili'Uriniiwd a< 
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quartz veins occurriug between fossil-bearing strata and not simply 
near them. In short we could see no means of separating the strata 
containing shells from the remainder of the immense thickness of simi- 
\ur and apparently conformable slates. 

Relation of the Cascades to the Sierra and the Coast 
liANGES of California. — It seemed highly desirable to institute some 
slight comparison between the California ranges and the Cascade-^ For 
this purpose we visited Koseburg, Oregon, and made several trips into the 
u»oun tains. These are evidently underlain by granite, which forms a 
great i)ortion of the stream pebbles, though we met none of this rock 
in place. In a great number of localities wo found upturned, crumpled, 
silieified, and metamorphosed rocks exactly similar to those of Mount 
Diablo, but our search for Aucella was not rewarded. Upon the meta- 
niorphic rocks lie nonconformably somewhat tilted unaltered sand- 
stones. These are certainly Miocene, for though we found no fossils 
ourselves, Dr. White examined extensive collections of Miocene shells 
in entirely similar rock collected by the Rev. Thomas Condon, who gave 
us full information as to their occurrence in precisely similar ])ositions 
but somewhat north of Roseburg. Overlying the sandstones are large 
areas of volcanic rocks.^ 

in the section made by the Columbia River no met amorphic rock or 
granite appears, but at least the southern portion of the range has a 
foundation similar to that of the California ranges and probably due to 
the same upheaval. Dr. White points out that since Chico fossils occur 
to the east of the Cascades the site of the Cascades was at least in part 
covered by the western sea. This, however, is no objection to the pro- 
IXKsition just made, for the interior of Oregon may have been a gulf simi- 
lar to the present Gulf of California. 

Other Mesozoic beds. — The Horsetown beds, as it seems conven- 
ient to call the group which occurs near Cottonwood Creek, Shasta 
County, so far as known are confined to that locality, and their rela- 
tion to the Knoxville series is unknown. The solution is very probably 
to be found in the eastern Coast Ranges in Tehama County, but this 
region is not known to have been geologically explored, and it proba- 
bly will not be examined until a special study of the Coast Ranges as a 
whole is undertaken. The Uorsetown beds are somewhat altered, but 
at tbc ))oints visited by Dr. White and myself do not show the char- 
ncteristic serpeutinization and silicilication of the metaniorpliosed Knox- 
ville beds. It cannot by any means be asserted definitely, however, 
I bat they were not involved in the upheaval and metamorphisin which 
to(;k place after the Knoxville and before the Wallala period, because 
nmch of the Knox\ille series is also little altered. On the other hand. 



-'111 all aiiHwor to an iiK^uiry, Prof. Joseph Lo Coute Ktates that his remarks coucern- 
iiip: the lower jiortion of tho Cascade raugo iu the Am. Jour, of Science, 3d s., Vol. 
VI I, ]>. 177, were not from jHTSonal observation. Ho there suggested that the Cas- 
cades wore a continuation of the Sierra. 
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the Horsetown beds rest uDcoDformably apon the aariferous slates of 
that region, which are of unknown age,, though apparently continuous 
with the Carboniferous of Pence's Eanch. Professor Whitney detected 
this nonconformity, th ugh expressing the result in somewhat guarded 
terms.^^ The mining operations which have since been prosecuted have 
so exposed the rocks a« to leave no room for any possible difference of 
opinion. The slat^^ ^pon which the Horsetown beds lie are somewhat 
peculiar, and dittei physically from those of the Mariposa beds, show- 
ing a very thin cleavage and a peculiar silver-gray luster. They give 
to the eye an impression of great geological age. 

Genesee Valley, in Plumas County, is the only known locality west 
of the crest of the Sierra at which Triassic fossils have been discx)vered. 
The fossiliferous rocks seem to belong to the Jura-Trias area of Nevada, 
and this reference is strengthened by topographical considerations, for 
though Genesee Valley lies to the westward of the highest crests of the 
Sierra in this latitude, it lies to the east of a lower range, which is more 
directly in the line of the general trend of the Sierra. This neighbor- 
hood is auriferous, but, as already explained, gold is disseminated 
through a very wide area north of Nevada County. Dr. White and I 
did not visit Genesee Valley, its geographical position being such as 
not to conflict with any of our conclusions. 

Paleozoic rocks of California. — ^Dr. Trask long since showed 
that [Carboniferous limestones make up the McCloud Range, which 
stretches along the McCloud Eiver; and near Pence's Ranch, in Butte 
County, Professor Whitney's party found similar limestones also fos- 
siliferous and clearly of the same age.' Professor Whitney infers, on 
lithological grounds,: that the more westerly limestones of the gold belt 
further south may also be Carboniferous. 

Near Baird postoffice, on the McCloud Biver, a considerable area of 
granite occurs about half a mile west of the fossiliferous limestone. The 
interval is occupied by extremely metamorphosed sandstones, in which 
my party failed to find any trace of fossils. These sandstones underlie 
the limestone, and are probably older, but there is no evidence to show 
whether they belong to the Carboniferous or to some preceding forma- 
tion. .^To the northwest of Baird thin-bedded, plicated, metamorphic 
shales occur, bearing a strong resemblance to those of the Enoxville 
series in central California. Their structure and i)osition are such as to 
suggest nonconformity with the Carboniferous^ but, owing to the diflft- 
culties of traversing the country, we were unable to test this relation 
satisfactorily in a hasty visit to the neighborhood. [Not a trace of a 
fossil could be found even in the least altered portions of the shales, 
and their age is therefore entirely uncertain, the lithological resemblance 
to the Knoxville group amounting to a mere suggestion at such a dis- 
tance from well-ascertained members of that series. 



a^Geol. of Cal., Vol. I, p. 32L 



22 STRATIGRAPHY OF CALIFORNIA. [bull. 19. 

Near Pence's Eanch the shales are auriferous as well as certainly Car- 
boniferous, at least in part. They also come in contact with Chico beds, 
which lie horizontally upon their upturned edges. The slates have a 
considerable similarity to those of the Marip4>sa group, and further- 
more they are nearly vertical and strike in nearly the same direction as 
those of the gold belt proper. The question therefore at once arises 
whether their upheaval and metamorphism is ascribable to the same 
period as the uplift and alteration of the Mariposa and Knoxville beds. 
This is a subject which can be discussed only tentatively until a great 
amount of detailed work has been done in a somewhat unpromising 
field; but it is not too early to make some suggestions. 

I think it may be asserted, as a result of all the geological work done 
from the Bocky Mountains to the Pacific, that there has been through- 
out geological time a definite tendency in the structural development of 
this area. The geologists of the fortieth parallel exploration showed that 
a fault began upon the west flank of the Wahsatch in the Archaean, the 
same fault which Mr. Gilbert has traced as still in progress. The last- 
named geologist has also detected a similar fracture on the east side of 
the lower portion of the Sierra. The eastern portion of the Great Basin 
was lifted above the surface of the ocean after the close of the Carbonif- 
erous, the western portion of the same area followed before the Cre- 
taceous, and at one or both of these epochs the country was laterally 
compressed, an action no doubt closely connected with the progress of 
the great faults. About the time of the Neocomian, California experi- 
enced au east and west compression, and again following the Miocene 
was au uplift throwing the horizontal strata of the coast into north and 
south folds. From the Wahsatch to the Pacific Coast there thus ap- 
pears to liave been a recurrent, if not a constant tendency to lateral 
comi)ression, in substantially one and the same direction. Now Dr. 
White points out that an extraordinary difference has existed between 
the marine fauna of the Pacific Coast and that of the waters east of the 
Sierra from a time prior to the Cretaceous onward, and hence that a 
land barrier must throughout have occupied substantially the position 
of the Sierra Nevada, which must therefore have experienced repeated 
upheavals to compensate for constant erosion. There are also said to 
be some paleoutological grounds for supposing at least a partial sepa- 
ration of these areas during the Carboniferous. This supposition is in 
entire accord not only with the structural analogies of the region but 
with the detailed observations of Mr. Clarence King^ and his col- 
leagues, who were led to infer the existence of a continental area during 
the Paleozoic west of long. IIT^SO', lat. 40o. Such a range as the 
Sierra, though partaking in the general compression and movement of 
the whole country, must ofter a tremendous resistance, and at any one 
of the active periods daring which the physical conditions permitted 
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contortion of strata along the western flank of tbe Sierra, tbese must 
have been driven against tbe barrier until they conld yield no more. 
Thus if a pile of cloths were compressed from their edges (a^ in Hall's 
famous experiment) with enormous energy, they would be forced into 
plications so sharp that the dip at any point would be nearly vertical. 
It seems to follow that at different upheavals, some of them perhaps as 
yet untraced, strata txj the west of the great Sierra may have been 
driven into the nearly vertical position of the gold slates and their 
original stratigraphical relations completely obscured. I do not con- 
sider it certain, therefore, or even probable that the Carboniferous slates 
near Pence's Eanch first assumed their present position subsequently 
to the Knoxville period. It may be that they have stood nearly as now 
ever since the Carboniferous of Utah was raised above water, while the 
slates of Horsetown, of the age of which nothing is known, so far as I 
can see, may possiMy owe their vertical dip to still earlier convulsions. 

The Carboniferous slates of Pence's Banch are serpentinoid, and, 
though distinctions between them and the metamorphosed Knoxville 
beds might perhaps be drawn, they are very similar. But just as it 
seems to me that successive upheavals may have produced similar re- 
sults, I think the association of a certain uplift with a particular series 
of chemical changes in an argument for the supposition that analogous 
dynamical conditions might lead to molecular changes of the same kind. 
It seems therefore not at all impossible that both upheaval and meta- 
morphism at Pence's Banch were in the main earlier phenomena than 
those traced in the Coast Banges. If so, their efiect must have been 
felt throughout a great x>ortion of California, though the results may 
have long since been obliterated. On the other h^nd, the post-Kuox- 
ville disturbance must have been felt at Pence's Banch, though its effects 
may have been trifling as compared with those of earlier convulsions. 

The Coast Banges membebs of the westebn Cordillera 
SYSTEM. — As has already been stated, I am unable to see any reason for 
dissenting from Professor Whitney's opinion that the fossiliferous beds 
of Mariposa form an integral portion of the modern Sierra Nevada Bange. 
It seems simply impossible that they should have assumed their pres- 
ent vertical position with a strike parallel to the crest, and that they 
should have been profoundly modified by chemical action except under 
conditions of disturbance amply sufficient to have brought about essen- 
tial modifications of the whole range. That there were at the time, or 
at least had been previously, mountains in nearly the same position does 
not impair the claim of this addition to be considered as much a part of 
the modern Sierra as any older portion. If the conclusions thus farstated 
are accepted, it follows at once that subsequent to the close of the Knox- 
ville, but long before the beginning of the Chico, both the Sierra and 
the Coast Banges experienced an upheaval. This was in all probability 
not the first in the line of the Sierra and very possibly did not actually 
originate the Coast Banges, but for the latter it is the first dist\3D.c.tV^ 
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traceable movement. It is conceivable that within the limits of time 
indicated two upheavals should have taken place, one affecting only the 
Sierra, the other only the Coast Ranges ; but the probability of this al- 
ternative will scarcely be seriously maintained. The earlier determina- 
ble portion of the Coast Ranges must therefore be considered as due 
to the same disturbance which added the gold belt proper to the Sierra 
Nevada. There is much probability that a portion at least of the Cas- 
cade Range was elevated and metamorphosed at the same time. The 
relationship thus established is brought out more clearly by a compari- 
son of the history of the ranges so far as it can be traced. 

Both the Sierra Nevada and the Coast Ranges were above water and* 
underwent erosion during the interval between the Knoxville and the 
Chico ci)ochs. Both ranges also sank just before the beginning of the 
Chico, admitting the ocean over a great part of the Coast Ranges and over 
considerable areas at the base of the Sierra. Both 8!f)pear to have risen 
partially before the T6jon, particularly toward the north; at lea?t, the 
rocks of this epoch, so far as is known, are confined to the southern ex- 
tremity of the Sierra and to the Coast Ranges south of Martinez. A sub- 
sidcnce would appear to have taken place before the Miocene ; rocks of this 
age extending along the Sierra far to the north of the T^jon localities, 
while in the Coast Ranges they lie directly upon the metamorphic at a 
great number of points, clearly indicating a lower general level than 
during the preceding epoch. During the Pliocene very little of either 
* range was below water. 

Not only was an important uplift of the Sierra Nevada contempora- 
neous with the first known upheaval of the Coast Range, but, even with 
the imperfect information at command, it is clear that the successive 
fluctuations of level of the country since the close of this disturbance 
have afle(ited these ranges substantially in the same manner, and 1 can 
not bat conclude that the new facts brought forward necessitate the 
reference of the Sierra Nevada and the Coast Ranges to a single moun- 
tain system. The Coast Ranges are, and probably always have been, 
of less altitude than the great Sierra, and they have consequently been 
more extensively immertved, just as would be the case if both were now 
to sink any given number of thousand feet. Between the Miocene and 
Pliocene i)criods the Coast Ranges also suffered disturbances, in wliich 
at least the western base of the Sierra seemed not to have shared. The 
Sierra, too, has undergone some faulting in which neither the Coast 
Ranges nor the Basin Ranges have shared ; but these differen(;es do not 
appear to me suflicient to counterbalance the important coincidences in 
the history of the ranges. 

In i)(>rtions of the Cascades the Miocene rests directly upon the met 
amori)hic as it so often does in the California Coast Ranges, but to the 
east of the Cascades Chlco beds occur, showing that the range was at 
least broken through at certain ))oints. I greatly incline to the belief, 
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however, that this range is stmcturally one of the northern continn- 
ations of the united Coast Banges and ISierra Nevada, though but a por- 
tion of it may have emerged firom the sea at the same time as the more 
southern ranges. The great valley of California was evidently covered 
by water in comparatively recent times, as eastern Oregon was in the 
Chico, and as the Gulf of California is now. Dr. White x>oints out that 
the occurrence of fossils of the eastern zoological province west of the 
Sierra Madre, shows that the ]>eninaula of California was at one time the 
line of the barrier between the eastern and western seas. This appears 
to me conclusive, and yet there is much remaining to be settled as to the 
irelations between the Sierra and the ranges &om Arizona southward. 
They may still turn out to belong to a single system, though at some 
time the eastern members of the chain may have been broken suffi- 
ciently to admit the ocean while the western ranges were intact, just 
the reverse of the present condition. 

The views taken in the foregoing pages have a perhaps not inconsid- 
erable advantage in more closely harmonizing the topography and ge^ 
ology of the west coast. Any good topographical map of the Western 
United States seems to indicate some such structural relations as those 
which have been presented here from a geological point of view. Or 
conversely, if the conclusions reached are accepted, it appears that 
just as comparatively small fissures, such as are met in mines, are 
almost never simple, but branch or divide and meet again while follow- 
ing one dominant course, so the great lines of disturbance which 
have determined the geographical features of a large portion of the 
country unite, divide, and throw out shoots with an irregularity in de- 
tail underlying which a dominant tendency is clearly perceptible. I do 
not believe that such a system could have come into existence piece- 
meal, but rather that all its main outlines originated, like the great 
Wahsatch fault, long before the earliest of our fossiliferous strata. 

San Francisco, Oalifobnia, February, 1885. 
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The poblioations of (he United States Geological Survey are issued in sooordsnce with the ststate, 
spproved March 8, 1879, wliich declares that— 

" The pablieatlons of the Geologioal Snxrey shall oonsiBt of the annual report of operationa, geological 
and economic maps lUnstrating the resources and classification of the landa, and reports upon general 
and economic geology and paleontology. The annual report of operations of the Geological Surrey 
ahaU accompany the annual report of the Secretary of the Interior. All spedal memoirs and reports 
of said Survey shall be issued in uniform quarto series if deemed necessary by the Director, but others 
wise in ordinary octavos. Three thousand copies of each shall be pubUahed for adentific exchanges 
and for ssle at the price of publication ; and all literary and cartographic materials received in exchange 
ahall be the property of the United States and formapartof the library of the organisation: And the 
money resulting from the sale of snck publications shall be covered Into the Treasury of the United 
States." 

On July 7, 1882, the following Joint resolution, referring to all Government publications, was passed 
by Congress : 

" That whenever any document or report shall be ordered printed by Congress, there shaU be printed 
in addition to the number in each case stated, the 'usual number' (1,900) of copies for binding snd 
distribution among those entitled to receive them." 

Under these general laws it will be seen that none of the Survey publications are ftunished to it for 
gratuitous distribution. The 8,000 copies of the Annual Report are distributed through the document 
rooms of Congress. The 1 ,900 copies of each of the publications are distributed to the offieers of the 
legislative and executive departments and to stated depositories throughout the United States. 

Except, therefore, in those esses where an extra number of any publication is supplied to this offlce 
by special resolution of Congress, ss has been done in the case of the Second, Third, Fourth, and Fifth 
Aunnal Bcports, or where a number has been ordered for its use by the Secretaiyof the Interior, as in 
the case of Mineral Resources and Dictionaxy of Altitudes, the Survey has no copies of any of ita imb* 
lications for gratuitous distribution. 

ANNUAL REPORTS. 

Of the Anunsl Repocta there have been already published : 

L First Annual Report to the Hon. Carl Schurs, by Clarwace King. 1880. 8^. 79 pp. 1 map.— A 
preliminary report describing plan of organisation and publicatlona. 

n. Report of the Director of the United States Geological Survey for 188fr-'81, by J. W, PowelL 
1882. S9. Iv, 688 pp. 61 pi. Imap. 

IIL Third Annual Report of the United States Geological Survey, 1881-*82, by J. W. PoweU. 1888 
8^. xviii, 664 pp. 67 pL and maps. 

IV . Fourth Annual Report of the United States Geological Survey, 1882-'«B, by J. W. PowelL 1884. 
8^. xii,478pp. 85 pL and maps. 

The Fifth Annual Report is in press. 

MONOGRAPHS. 

Of the Monographs, Nos. n, m, lY, Y, YI, YII, and YIII are now pubUahed, vist 
n. Tertiary History of the Grand Cafion District^ with atlas, by Clarence S. Dntton, Capl, U. 8. A. 
18e2. 4P, xiv,264pp. 42 pL and atlas of 24 sheeta folio. Price $10.12. 
m. Geology of the Comstoclc Lode and the Washoe District, with atlas, by George F. Becker. 

1882. 40. XV, 422 pp. 7 pi. and atlas of 21 sheets folio. Price til. 

lY. Comstock Mining and Miners, by Eliot Lord. 1888. 4^. xiv, 461 pp. 8 pL Price $1.60. 
Y. Copper-bearing Rocks of Lake Superior, by Roland D. Irving. 1883. 4°. xvi, 464 pp. 16 L 
29 pi. Price $1.85. 
YI. Contributions to the Xnowledge of the Older Mesosoic Flora of Yirginia, by Wm. M. Fontaine. 

1883. 40. xi, 144 pp. 641. 64 pi. Price $1.05. 

Yn. Silver-lead Deposits of Eureka, N^erada, by Joseph S. Curtis. 1884. 40. xili, 200 pp. 16 pi. 
Price $1.20. 

Yin. Paleontology of the Eureka District, by Charles D. Walcott. 1884. 40. xiii, 298 pp. 24 L 
94 pL Price $L10. 
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The publications of the United States Geological Survey are issued in aooozdanoe with the statote, 
approved March 8, 1879, which declares that— 

** The publications of the Geological Surrey shall consist of the snnnal report of operations, geological 
and economic maps illustrating the resources and classification of the landa, and reports upon general 
and economic geology and paleontology. The snnual report of operations of the Geological Sunrey 
shall aooompsny the annual report of the Secretary of the Interior. AH special memoirs and reports 
of said Surrey shall be issued in uniform quarto series if deemed necessary by the Director, but other- 
wise in ordinary octavos. Three thousand copies of each shall be published for sdentiflo exchanges 
and for sale at the price of publication ; and all literary and oartographio materials received in exchange 
shall be the property of the United States and fbrm a part of the library of the organisation : And the 
money resulting &om the sale of soeh publications shall be covered into the Treasury of the United 
States." 

On July 7, 1882, the following Joint resolution, referring to all Government publications, was passed 
by Congress : 

** That whenever any document or report shall be ordered printed by Ckmgrsss, there shaU be printed 
In addition to the number in each case stated, the 'usual number' (1,900) of copies for binding snd 
distribution among those entitled to receive them." 

Under these general laws it will be seen that none of the Survey publications are Aimished to it for 
gratuitous distribution. The 8,000 copies of the Annual Report are distributed throni^ the document 
rooms of Congress. The 1 ,900 copies of each of the publications are distributed to the offieers of the 
legislative and executive departments and to stated depositories throughout the United States. 

Except, therefore, in those cases where an extra number of any publication is snppUed to this olBoe 
by special resolution of Congress, ss has been done in the case of the Second, Third, Eoorth, and Fifth 
Annnal Reports, or where a number has been ordered for its use by the Seeretaryof the Literior, as in 
the case of Mineral Resources and Dictionary of Altitudes, the Survey has no copies of any of its pab- 
lications for gratuitous distribution. 

ANNUAL. REPORTS. 

Of the Annual Reports there have been already published : 

L First Annual Report to the Hon. Carl Schnrs, by Clarence King. 1880. 8^. 70 pp. 1 map.— A 
preliminary report describing plan of organization and publications. 

XL Report of the Director of the United States Geological Survey for 1880-'81, by J. W. PowelL 
1882. 8P. Ir, 588 pp. 61 pi. Imap. 

III. Third Annual Report of the United States Geological Survey, 1881-*82, by J. W, Powell. 1888 
8^. xviii, 564 pp. 67 pL and maps. 

lY . Fourth Annual Report of the United States Gedogicsl Survey, 1882-'ai, by J. W. PowelL 1884. 
8^. xii, 478 pp. 85 pL and maps. 

The Fifth Annual Report is in press. 

MONOGRAPHS. 

Of the Monographs, Nos. n, HE, lY, Y, YI, YTE, and YIII are now publiahed, tIsi 
n. Tertiary History of the Grand Cafion District, with atlas, by CUrence E. Dntton, Capt, U. 8. A. 
18e2. 40. xiv,264pp. 42 pL and atlas of 24 sheeto folio. Price $10.12. 
m. Geology of the Comstock Lodo and the Washoe District, with atlas, by George F. Becker. 

1882. 40. XV, 422 pp. 7 pi. and atlas of 21 sheets folio. Price ill. 

lY. Comstock Mining and Miners, by Eliot Lord. 1888. 40. xiv, 451 pp. 8 pL Price $1.50. 
Y. Copper-bearing Rocks of Lake Superior, by Roland D. Irving. 1883. 4^. xvi, 46i pp. 15 L 
29 pL Price $1.85. 
YI. ContributiouB to the Knowledge of the Older Mesozoic Flora of Yirginia, by Wm. M. Fontaine. 

1883. 40. xi, 144 pp. 541. 54 pi. Price $1.05. 

Yn. SUver-lead Deposits of Enroka, Nevada, by Joseph S. Curtis. 1884. 40. xiii, 200 pp. 16 pL 
Price $1.20. 

Yin. Paleontology of the Eureka District, by Charles D. Waloott 1884. 40. xiii, 296 pp. 24 L 
94 pL Price $1.10. 
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The fbnowing are in preae, yIs: 

IZ. Braohiopod* and LameUibranohlata of the Baritan Clays aad Oxeemsaod Karla of New Jersey, 
by Bobert P. Whitfield. 1885. 4P, lx«838pp. 86 pL 
X. IXiaocerata. A Monograph of aa Bxtinct Order of Qigantio Mammals, by Othniel Charles Marsh. 

1885. 40. — ,— pp. 56pL 
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I. The Preoloas Metals, by Clacenoe King. 
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BULLXTIK8. 

The Bnllethis of the Survey will oontain such pikers relating to the general purpose of its work aa 
do not properly come under the heads of Ahvual Bifobtb or Mohogajlfbs. 

Bach of these Bulletins will oontain but one pf^er and wiU ba oomplete in itself. They will, how- 
ever, be numbered in a oontinuous series, and will in time be united into volumes of oonvenient siae. 
To fl^eflitate this each Bulletin will have two paginations, one proper to iteelf sad another which bo 
longs to it as part of the voluma. 

Of this series of Bulletins Nos. 1 to 20 are already published, via: 

1. On Hypersthene-Andesite and on Tridinio Pyroxene in Augitio Books, by Whitman Cross, with 
a Geologioal Sketch of BnflUo Peaks, Colorado, by S. F. Bmmons. 1888. 8®. 48 pp. 2 pi. Price 10 cents. 

2. Gtold snd Silver Conversion Tables, giving the coining value of Troy ounces of fine metal, etc., by 
Albert Williams, Jr. 1888. 8^. ii,8pp. Price 5 cents. 

8. On the Fossil Faunas of the Upper Devonian, along the meridian of 70<> SO', fhan Tompkins County, 
New York, to Bradford County, Pennsylvania, by Henry S. Williams. 1884. 8^. 86 pp. Price 5 centa 

4. On Mesosoio Fossils, by Charles A. White. 1884. 8^. 86 pp. 9 pi. Price 5 cents. 

5. A DicUonary of Altitudes in the United Ststos, compiled by Henry Gannett 1884. 80. 825 pp. 
Price 20 centa. 

6. Elevationa in the Dominion of Canada, by J. W. Spenoer. 1884. 8P. 43 pp. Price 6 cents. 

7. Mapoteca Geologioa Americana. A catalogue of geologioal maps of America (Korth and South), 
1762-1881, by Jules Maroou and John Belknap Marcou. 1884. 8P. 184 pp. Price 10 cents. 

8. On Secondary Enlargements of Mineral Fragments in Certain Bocks, by B. D. Irving and C. R. 
Vanhise. 1884. 8°. 66 pp. 6pL Price 10 cents. 

9. A Report of work done in the Washington Laboratory during the fiscal year 1883-*84. F. W. 
Clarke, chief chemist ; T. M.Chatard, assistant. 1884. 8^. 40 pp. Price 5 cents. 

10. On the Cambrian Faunas of North America. Preliminary studies by Charles Doolittle Walcott. 
1884. 8°. 74 pp. 10 pi. Price 6 cents. 

11. On the Quaternary and Recent MoUusca of the Great Basin ; with Descriptions of New Forms, by 
R. Ellsworth Call ; introdaced by a sketch of the Quaternary Lakes of the Great Basin, by G. K. 
Gilbert 1884. 8°. 66 pp. 6 pi. Price 5 cents. 

12. A Cryntalloji^raphic Study of the Thinolite of Lake Lahontan, by Edward S. Dana. 1884. 80, 
34 pp. 3 pi. Price 5 cents. 

13. Boandaries of the United States and of the several States and Territories, by Henry Gannett. 

1886. 8°. 135 pp. Price 10 cents. 

14. The Electrical and Magnetic Properties of the Iron-Carburets, by Carl Bams and Vincent 
Stronhal. 1885. 89. 238 pp. Pric« 15 cents. 

15. On the Mesozoic and Cenozoic Paleontology of California, by Dr. C. A. White. 1885. S^. 33 pp. 
Price 5 cents. 

16. On the higher Devonian Faunas of Ontario County, New York, by J. M. Clarke. 1885. 89. 
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17. On the Development of Crystallixation, etc., by Arnold Hague and J. P. Iddings. 1885. 8P. 
44 pp. Price 5 cents. 

18. On Marine Eocene, Fresh-water Miocene, and other Fossil MoUnsca of Western North America, 
by Dr. C. A. White. 1885. 80. 26 pp. 8 pi. Price 6 cents. 

19. Notes on the Stratigraphy of California, by George F. Becker. 1885. 89. 28 pp. Price 5 centR. 

20. Contributions to the Mineralogy of the Rocky Mountains, by Whitman Cross and W. F. Hille- 
brand. 1885. 89. 114 pp. 1 pi. Price 10 cents. 

Numbers 1 to 6 of the Bulletins form Volume I, and numbers 7 to 14 Volume U. Volume m is not 
yet complete. 

The following are in press, viz: 

21. The Lignites of the Great Siour Reservation, by Bailey Willis. 1885. 89. — pp. 6 pi. Price 
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A fourth series of publications having special reference to the mineral resooroesof the United States 
is contemplated. 

Of that series the first has been published, viz : 

Mineral Besources of the United States, by Albert Williams, Jr. 1888. 8^. xrii, 818 pp. Price 60 
cents. 

The second rolume of this series, Mineral Besources 1888 sad 1884, is in preparation and will seon 
be put to press. 

Gorrespondenoe relating to the publications of the Surrey, sad all remittances, which must bo by 
POSTAL KOTB or mohmt obdbb, should be addressed 

To THB DnOOTOB OF TBI 

TTkiimd Statu Qiolooical Subybt, 

WaMmaton, 2>. O. 
WABHnfOTON, D. 0^ May 26, 1886. 
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past three years. Believing that the results of their investigations form 
a valuable contribution to the mineralogy of the Rocky Mountains, I 
would respectfully suggest that they be published in the form of a bul- 
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CONTRIBUTIONS TO THE MINERALOGY OF THE 

ROCKY MOUNTAINS. 



By Whitman Gross and W. P. Hillebrand. 



INTRODUCTOBY BEMABKS. 

A large part of the sabject-matter contained in the following pages 
has already appeared in print, at varioas times during the past four 
years, in the American Journal of Science or the Proceedings of the 
Colorado Scientific Society. As opi)ortunity has offered, the studies 
have been extended upon the old or ui)on new and better material, so 
that much of that which has been previously published is here presented 
in a revised or enlarged form. The desirability of collecting in one 
place the notices of minerals from the same general region has led to 
the reproduction of some descriptions unaltered. 

The more purely mineralogical parts of Sections I and II, for which 
the first-named author is Qhiefly responsible, does not claim to be so 
thorough and exact in many cases as the nature of the material may 
render desirable. This is partially explained by a want of the proper 
instruments for use in determining certain optical and physical proper- 
ties of the minerals, but still more fully by the fact that the geological 
investigations in progress have left but little time for pure mineralogy. 

In regard to the chemical part of the work a few remarks are necessary. 
From the first establishment of a laboratory in Denver a special aim has 
been to make the analytical work as thoroughly accurate as i)0S8ible 
even though the amount accomplished should in consequence be lessened. 
As the main part of the laboratory work consists in investigations 
upon eruptive rocks, an exact knowledge of whose composition is at 
present deemed of great importance, it was sought to reduce the errors 
ordinarily incident to analyses of such rocks to the smallest i)ossible 
limits. To this end none of the ordinary reagents employed in any quan- 
tity are used without being first subjected to careful analysis. If they 
are found to contain suf&cient impurity to influence even to a slight 
extent the result of an analysis, they are either rejected altogether or 
purified, or the percentages of impurities present are estimated and de- 
ducted from each analysis, for which weighed or measured qu<antities 
of these reagents are employed. Thus the very small quantities of 
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silica, ferric oxide, alumina, and lime, almost invariably to be found ia 
the purest of sodium carbonate, in a measure dae to dust that has col- 
lected in the process of manufacture and packing, and which will gen- 
erally influence the result of an analysis from 0.1 to 0.2 per cent., are 
allowed for. Ammonia, which, after being kept in carboy for some 
length of time, often contains large amounts of silica and other foreign 
matter, is redistilled and collected in pure water every few weeks. 

By taking such precautions and using wherever possible platinum 
vessels, with proper care a high degree of accuracy is attainable. Es- 
pecially is this so when no solid reagents enter into an analysis, as in 
the case of zeolites, of which a large nnmber of analyses appear on sub- 
sequent pages and in few of which the sum total of percentages exceeds 
100.1. A long series of analyses of eruptive rocks has been made in 
which, during the past two years, it has been the rare exception for an 
analysis to foot up over 100.2. 

Without these explanatory remarks the close approximation to 100 

I>er cent, shown by so many analyses might rather inspire distrnst than 

confidence. 
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I.— MTNlBRAIiS PBOM THE BASAIiT OP TABIjE MOUNTAIN, 

GOIiDEN, COIiORADO. 



By Whitman Gboss and W. P. Hillebband. 



DESCBIPTION OF TABLE MOUNTAIN. 

Table Mountain is a plateau or mesa with an area of from 4 to 5 square 
miles, situated upon the border of the great plains, 12 miles west of 
Denver, approaching so closely to the abruptly rising foo^hills, com- 
posed of Archaean rocks, that the intervening space is not more than 1 
inile in width. Within this space, however, are exposed the upturned 
edges of strata of the Triassic, Jurassic, and Gretaceous ages, including 
in the latter the coal-beaHng Laramie formation, all dipping steeply east^ 
ward. The mountain owes its existence to a sheet, or rather, in most 
places, to two sheets of basalt, which have in a measure protected the 
underlying soft Tertiary beds from erosion, which has removed the up- 
turned Mesozoic strata to the west, until a valley several hundred feet 
deep has resulted, separating Table Mountain from the foot-hills. The 
Tertiary strata below the basalt are horizontal, and seem at first glance 
unconformable with the Mesozoic, but this is largely due to the location 
of the valley of erosion in a sharp fold; in other places apparent con- 
form ability is shown. 

Clear Creek issues from the foothills opi)osite the mountain, and has 
cut a gorge directly through it, dividing it into what are known as North 
and South Table Mountains, which have an average elevation above the 
creek bed of about 700 feet. On the banks of the creek behind the 
mountain is situated the town of Oolden. 

The source of the basalt is in certain dikes situated to the north and 
northwest, whence the lava spread out in sheets and flowed to the south- 
southeast. The lower sheet averages 100 to 115 feet in thickness and 
possesses the structure of a stream which has flowed ui)on the surface. 
Adjacent to the underlying strata is a layer of a very porous structure 
about 1 foot in thickness, then follows massive compact rock for 70 
feet, while the upper 40 to 50 feet show many cavities, large and small, 
more or less flattened and drawn out, and the surface is rough and 
jagged. The first sheet was covered by a second, of identical composi- 
tion, before erosion or dex$omposition had produced noticeable effects. 
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Of the second sheet only the massive lower part remains, and its thick- 
ness, as well as the lateral extension of both sheets, can only be a matter 
of conjecture. The rock is a feldspar basalt of very simple composition, 
rather coarsely crystalline in its massive parts, and in the porous part 
with a groundmass which becomes finer grained as it approaches the 
contact or the surface. A glassy base;i now much devitrified, was 
formerly present in the porons parts. 

In the cavities of the upper portion of the lower sheet are many beau- 
tifully crystallized zeolites, associated with calcite and aragonite. The 
mode of occurrence varies somewhat in different parts of the mountain, 
and a few species seem to be locally restricted, but most of those to be 
described can be found in abundance and well developed. 

At a point on the southern face of North Table Mountain, where the 
greatest number of species occur together, the students in the School 
of Mines at Golden began blasting for specimens several years ago. 
During the present investigations the locality was still further opened 
and absolutely fresh and clear material was obtained. 

The only previous notice of this mountain is embodied in the report 
of Arch. B. Marvine, in the Annual Beport of the United States Geolog- 
ical and Geographical Survey of the Territories for the year 1873, pp. 
129-131, but the information given is exceedingly meager and in part 
incorrect. 

The Survey is indebted to Prof. A. Lakes, of the School of Mines, for 
calling special attention to Table Mountain. 

Manner of Occurrence op the Minerals. — The following min- 
eral species have been identified in the cavities of the basaltic sheet, 
viz. : analcite, apophyllite, chabazite, levynite, thomsonite, mesolite, na- 
trolite, scolecite, stilbite, laumontite, calcite, and bole. Of the occur- 
rence of these species a few remarks will be in place before proceeding 
to detailed descriptions. 

Primarily one can distinguish between the minerals occurring in fis- 
sures and those in the roundish cavities of the amygdaloidal zone. On 
both mountains are many fissures and irregular cavities having out- 
ward communication, in which calcite, bole, and reddish zeolites are 
almost always deposited. Occasionally colorless zeolites (analcite or 
natrolite) appear in fissures, but it is much mOre characteristic to find 
them in the closed cavities. On the other hand a reddish, horizontally 
stratified zeolitic deposit is found in many amygdaloidal caAities, filling 
the smaller ones completely or forming a floor in the larger ones. As 
the minerals developed here are in part the same as those found in ad- 
jacent fissures, and as these reddish deposits always precede in time 
the formation of the colorless zeolites, it seems probable that all the 
cavities containing the minerals in question were formerly penetrated 
by fissures. Some such explanation is necessarj', for cavities contain- 
g the i*eddish zeolites occur side by side with those in which only 

mbers of the other group are present. In some few cases, small fis- 
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sures, now filled, were found leading into cavities containing the strati- 
fied deposits. 

The zeolites are then naturally divisible into two groups, according to 
mode and time of formation, the first containing laumontite, stilbite, 
and thorasonite ; the second, stilbite and thomsonite, with all the other 
species of the above list. They will be thus considered in the following 
description. 

Ordsr op Deposition. — Considering all the species which occur in 
associations allowing inferences as to relative age, the following may 
be given as the order observed, biBginning with the oldest : 

1. Laumontite. ^ 

2. Stilbite. > Red or yellowish. 

3. Thomsonite. ) 

4. Galcite (yellow). 

5. Stilbite. 

6. Ohabazite. 

7. Thomsonite. 

8. Analcite. 

9. Apophyllite. 

10. Galcite (colorless). 

11. Mesolite. 

Ohabazite and thomsonite were also formed again in very small 
quantity, probably between 9 and 10. Natrolite, scolecite, and levynite 
do not occur in direct association with most of the above, so that their 
places in the series are unknown. 



ZEOLITES. FIRST GROUP. 

General. — The minerals of this group are best developed in the 
stratified deposits of the amygdaloidal cavities, where also the order 
and manner of deposition can most clearly be seen. 

In a large cavity containing a floor of the reddish-yellow mixture of 
the minerals of this group, it is at once noticed that the roof and sides 
above the level of the stratified mass show no trace of any one of these 
species. From this fact and from the structure of the mass the infer- 
ence is warranted that the formation began at the bottom and pro- 
ceeded very rapidly to its close. Usually the lower portion of such 
masses is composed of a reddish-yellow mineral in irregular grains, 
forming a compact aggregate in which lie isolated spherules of a simi- 
larly colored radiate mineral. These spherules are seldom more than 
2^ in diameter and are very perfect spheres. They increase in num- 
t>er upward md finally compose the greater part of the deposit, 
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In one cavity, 6 to 8 feet in horizontal diameter and about 2 feet in 
height, the deposit is quite different. Here the main mass is loosely 
granular, and is formed chiefly by a bright greenish-yellow mineral, 
while a stratified appearance is produced by layers of a white or color- 
less substance. 

Some of the light layers are chiefly made up of easily recognizable 
stilbite, and the same mineral in distinct tablets forms the upper layer 
of the whole deposit. There are also irregular seams of white running 
through the yellow material.. 

liATJMONTITB. 

Description. — ^If the loose sand from the above-mentioned cavity 
be placed under the microscope with a power of about 15 diameters, 
it is seen to consist of prismatic grains, mostly with broken termina- 
tions. Many of the grains are clear and transparent, with the greenish- 
yellow color mentioned, while others are dull. The clear prisms polarize 
strongly, and extinction upon a prismatic plane takes place at an angle 
of 350 to 4QO with the vertical axis. 

On splitting open some of the white layers, surfaces are obtained 
showing minute stout prismatic crystals, which seen under the micro- 
scope present the same habit as the yellow grains. The prism angles 
are nearly 86^ and 94^, and the termiuation is usually formed by au 
oblique plane, like a hemidome of the monoclinic system. The optical 
orientation is the same as in the yellow crystals and corresponds also 
to the requirements of the monoclinic system so far as can be deter- 
mined. The properties given agree with those of laumontite, and in 
the light of the chemical analyses the identification of both yellow and 
white crystals with that mineral seems entirely justifiable. 

Chemical. Composition. — ^The analysis gives the following results : 



SlOt.. 
AI«Os 
FejOs 
CaC. 
KK).. 
Ka^. 



(W. F. Hillebrand.) 



I.-Tellow 
grains. 


II— White 
crystals. 


51.43 

21.52 
0.94 

11.88 
0.35 
0.19 

13.81 


52.07 
21.30 


11.24 
0.42 
0.48 

14 58 


100. 12 


100.09 




Oxygen ratios : 

RO : R,03 : SiO, : H,0 

L 1:2.97 : 7.83 : 3.50 

II. 1 : 2.94 : 8.15 : 3.81 

(In all calculations of ratios 27 is taken as atomic weight of Al.) 

These analyses represent the composition of air-dried material, and 
he percentages were calculated from the analyses published iu the 
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American Jonrnal of Science.^ The latter were made after drying over 
snlpharic acid, it having been observed that at 100^ G. an unexpect- 
edly large loss took place, steadily increasing as the temperature rose 
above KMP. Even when simply dried over sulphuric acid the loss in 
the case of I was 0.60 per cent., and in the case of II was 1.45 per cent. 
These abnormally large losses, coupled with still larger ones observed 
subsequently in analyzing other zeolites, seemed to indicate that all, or 
at any rate nearly all, the water removed by sulphuric acid should be 
counted with the water of crystallization, especially as when this was 
done the oxygen ratios generally more nearly approached that required 
by theory ; for example, in II the ratio for material dried over sulphuric 
acid is only 1 : 2.94 : 8.16 : 3.42, instead of 1 : 2.94 : 8.16 : 3.81 as above 
given. Eecent investigations by Jaunasch' on heulandite and epistil- 
bite tend to confirm us in this opinion. 

The ratio of II agrees fairly well with the theoretical requirements of 
laumontite, 1:3:8:4, especially as it can hardly be supposed that the 
matenal was absolutely pure. It is quite probable that a small amount 
of stilbite was included with the material analyzed, which would ex- 
plain the rather high value for SiO,. 

In regard to the amount of water found it is only necessary to sup- 
pose that the dull particles have lost a part of their water while the 
transparent grains are entirely fresh in order to explain the relation of 
water to the other constituents as shown in the above ratios, a suppo- 
sition in full accord with the characteristic tendency of laumontite to 
lose its water on exposure. 

The mineral is not quite so easily fusible before the blow-pipe as 
typical laumontite should be according to the text-books, but the dif- 
ference is not sufficiently pronounced to be considered abnormal. 

MIX£I> ZEOLITES. 

General Description. — Turning now to the more compact red- 
dish-yellow deposits, which corresi)ond so closely to the one described 
above, the same constituent minerals were sought for. Some small 
cracks or fissures were noticed, usually ending blindly in the yellow 
mass, some of which were only partially filled with minute white crys- 
tals. On splitting the mass open along such a half-filled crack two 
surfaces were obtained, coated with minute but exceedingly perfect 
clear crystals, easily recognizable under the microscope as laumontite 
and stilbite. The little crystals of the former show occasionally the 
clinopinacoid and a steep positive orthodome in addition to the prism 
and base. 



> III, VoL XXni, p. 135. 
^Nenes Jahrbuoh fUr Mineralogie, etc., 1884, II, 206. 
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The sand obtained by simple firacture of the yellow massive portion 
on being placed under the microscope is seen to consist largely of Aug- 
ments of tabular crystals, the angles of which, so far as they are de- 
terminable, correspond to stilbite. The grains which are not evident 
fragments of tablets are in part roughly prismatic, though seldom 
showing definite faces ; neither coiQd the optical action be satisfactorily 
determined. 

CHEMioAii Composition. — Ghemical analyses were made from two 
different specimens of the yellow granular mass, care being taken to 
exclude all reddish spherules. The results are given under III and lY 
below. 



SiOi.. 
AlsOt. 
FeaOi 
CaO.. 
Kfi.. 
ITaiO. 
HiO.. 



(W.F.HlUebnuid.) 





• — 


m. 


IV. 


54.20 


S&87 


17.26 


17.26 


0.77 


0.74 


ass 


a27 


0.17 


D.07 


1.88 


1.48 


laoo 


ia4i 


100.22 


100.18 



Oxygen ratios : 



BO:BtO,:BiO, :H,0 
in. 1:3.01 : 10.43: 6.80 
IV. 1:3.03 : 10.42: 6.96 



Analyses III and lY were published in the American Journal of Sci- 
ence, with this difference, that they represented the composition of dried 
material. Inasmuch as III lost 2.14 per cent, of moisture in two days 
over sulphuric acid (no further loss in three days) and lY 1.69 per cent, 
under similar conditions, the whole is counted as water of crystalliza- 
tion for the reasons given in discussing the analyses of laumoutite. 

As will be seen later, pure crystals of colorless stilbite from Table 
Mountain do not possess, as regards SiO, and H,0, quite the theoret- 
ical composition of that mineral (see analysis YI, p. — ). If, however, 
that analysis represents the composition of all stilbite from this locality, 
these analyses III and lY correspond remarkably well to mixtures of 
much stilbite with a little laumoutite, as was surmised from micro- 
scopical examination of the material. 

It seems remarkable that the material from two different cavities 
should contain the two minerals in so nearly the same proportions as 
is indicated by the analyses. 

THOMSONITE SPHERULES. 

Chemical Identification.— Concerning the reddish spherules no 
data of importance could be obtained except by chemical analysis, 
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Under V is given the composition found for this substance in material 
which was apparently very pure. 



SiOi.. 

AltOi 

FeiOt. 

CaO... 

NmO. 

HsO.. 



(W. F. HiUebnod.) 



V. 



40.52 
29.22 

0.79 
12.48 

4.81 
12.79 



100.06 



The oxygen ratio for this is : 

EO : EjO, : SiO, : H,0 
1 : 3.00 : 4.03 : 2.44 

These figures agree so well with those obtained for the colorless 
thomsonite (see page 25) that in the absence of anything to the con- 
trary the identity of the two substances can scarcely be doubted. It 
was noticed here, as in the other thomsonite, that about 2 per cent, of 
the water could be expelled only'at a very high temperature. The fer- 
ric oxide in all these minerals seemH to replace a portion of the alumina. 

Thomsonite in the form of these reddish spherules has been deposited 
locally in great abundance in irregular cavities on the upi)er surface of 
the lower sheet of basalt and also in the angular spaces formed where 
the scoriaceous crust of the flow has been broken or crumpled. It is 
here deposited alone, free from stilbite and laumontite, but the spher- 
ules are exactly similar in size and appearance to those formed in the 
cavities below. 



ZEOLITES. SECOND GROUP. 



STTLBm: (<<DESMIN» GEKMAN). 



General. — As has been already mentioned, stilbite occurs occasion- 
ally in clear, colorless crystals, as well as in the manner characteristic of 
the first series. It is noteworthy that in all such cases as yet observed 
the clear stilbite is either deposited upon the colored zeolites of the group 
described, or in close proximity to them, although it may be associated 
with chabazite or clear thomsonite, species having no such limitation. 
When these three minerals are associated it is sometimes difficult to 
assign an order of deposition, as they seem to have been nearly contem- 
poraneous. The tablets of stilbite are usually attached by an edge, pro- 
jecting at various angles from the underlying surface, and rarely appear 
so abundantly as to form a crust. 

Crystal Form and Optical Pbopertibs.— The largest crystals 
seen measure about LS^^"" in longest diameter and 2.3"*'" in thickness^ 
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These crystals, however, are made up of several plates, which are not 
in exactly coiDddent orientation, and their snrfoces are not very smoofli 
or glistening, firom which caases they are not available for either crys- 
tallographical or optical stadies. For these purposes only the minute 
transparent tablets which are occasionally foand intermingled with the 
others conid be used. 

These tablets have the usual rhombic i^mmetry which has been ez- 
plained by von Lasaulx as the result of a double twinning of a mono- 
clinic groundform isomorphoas with those of harmotome and phillip- 
site, and according to the laws observed in those species. The isomor- 
phism thus pointed out has been advocated firom the chemical side by 
Fresenias.' The Table Mountain stilbite presents some structural and 
optical properties not fblly in accord with the statements of von Jjaaaulx, 
and yet the material is not perfect enough to show the itiU sigoiBcance 
of the disagreement. A description of the observed variation may lead 
to an explanation based upon the study of other and better material. 

Assuming the isomorphism stated, the predominant &ce is ooPob, 
while 00 P and P are always present, and + P a& occasionally. The 
front prism angle was measured at 118^ 22', by attaching small flakes 
of mica to the dull sur&ces of a large crystal, while approximate meas- 
urements in the othodiagon^l aone could be made under the microscope. 

For optical examination a number of small tablets were mounted in 
balsam, lying upon the predominant pinacoidal fiAce; others were 
mounted in the same position after a little grinding, which was intended 
simply to remove impurities from the surface. All exhibit the same 
optical action. The larger crystals could not be used for the reasons 
stated above. 

Fig. 1 of the plate represents the structure described by von Lasaulx^ 
in crystals examined by him, the figure being copied from bis article, 
with a simple inversion to correspond with Figs. 2 and 3. On exam- 
ining a crystal of tabular form, mounted as above described, between 
crossed nicols, there appears a division into four quadrants, a a and b 
ft, by lines passing through the centre parallel and normal to the elino- 
axis. By parallel position of these lines with the principal sections of 
the nicols all four portions appear equally dark, but the maximum of 
extinction is only obtained by a revolution of about 5° from this i>08i- 
tion, for two diagonally opposite quadrants when the revolution is to 
the right, for the other two when to the left. There is therefore a dif- 
ference of about IQo in extinction of adjoining quadrants. According 
to von Lasaulx the bisectrix is inclined 5^ to the clino axis, while the 
optical normal makes an angle of 34° with the vertical axis. Reference 
will be made to this point later. A distinct zonal structure parallel to 
the outlines of OP, and oo P is described, and a very faint subdivision of 



'Zeitachrift; fUr Krystallograpbie, III, 42, 1878. 

*" Ueber den Desmin." Zeitwhrift fUr KrystiiUographie, II, 576, 187a 
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each quadrant by this zonal structure is mentioned, but it is distinctly 
stated that no corresponding optical division exists. It is noted, 
hon^ever, that in a given quadrant the extinction adjoining (2 maybe 
slightly less than that near c. Aside from this division into quadrants, 
which is in agreement with the supposed symmetry and twinning of 
the mineral as isomorphous with harmotome and phillipsite, there are 
often four other fields, c c and d d. The portions c c are diverging 
bundles of a somewhat fibrous, colorless mass, producing in all positions 
brilliant aggregate polarization. The parts d d are made up of bars 
placed perpendicularly to the line of P, the area thinning out wedge- 
like toward tbe centre. Sections situated in the orthozone show coinci- 
dent extinction throughout, so that these irregular aggregates {c and d) 
seem to consist of stilbite substance having at least the orthoaxis in 
common with the rest In all the many occurrences examined by von 
Lasaulx this division is more or less distinct. The portions c and d, 
termed by him <4n verse substance," in contrast to the normal quadrants 
a and &, sometimes predominate largely, while d at least is occasionally 
very subordinate. With this action as given by von Lasaulx will now 
be compared that exhibited by the Table Mountain stilbite. 

Fig. 2 represents the optical behavior of a crystal from Table Moun- 
tain, and is typical of that in all examined. It is in parallel position 
with Fig. 1, the dome -f P qo" being added while at one end is a repe- 
tition of 00 P and P qcT. The same primary divisions are here seen as 
in Fig. I, but each quadrant, a, is clearly subdivided when seen in 
polarized light by the zonal structure, which in the octants a and h 
runs parallel to the outline of qo P, in a' an^ b' parallel to P. The 
two systems meet in an irregular line which usually runs from the 
angle between P and qo P to the centre of the crystal. The bands of 
the two systems do not cross each other, as represented in Fig. 1, and 
a very small but appreciable variation in optical orientation may be 
seen. The direction of extinction in a' and b' measures about 4<^ 15' 
from the edge of P, while in a and b it is 60-5o 30' from the same 
direction. This corresponds to the statement of von Lasaulx that 
there seemed to l)e in some cases a difference between the extinction of 
a near the space d and that near e, the latter being greater. So far 
the action might be considered as slightly more intense than usual, 
whereby the subdivision of the quadrants is plainer. However, the 
position of the optical normal as given by von Lasaulx demands that 
the bisectrix should cut the clino axis, i. 6., the line of P in the 
figure, at an angle of about 5^ and the vertical axis at about 56^, while 
the bisectrix in the present case is inclined 5^ to the clino axis and 
about 46^ to the vertical axis, the normal consequently intersecting the 
latter at about 44^. In all crystals and in each quadrant the bisectrix 
lies in a dome which is steeper than the basal plane by about 5^, and 
hence truncates tbe angle between P and go P, bringing the optical 
normal to an inclination of about 44P with the veTt>V!a\ ^^\&. ""^^ Ov^'^^ 
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agreement iu other respects suggests the possibility that the position 
of the bisectrix relative to the clino axis may have been transposed by 
von Lasaulx. 

The portions lettered c in Fig. 2 correspond in position and charac- 
ter to those of Fig. 1. An attempt has been made to indicate their 
irregalar form and their relation to other parts. Usually based upon 
the outline of Poo*, they may spring from any part of the line of ao P, 
and universally run toward the centre, often wedging out before reach- 
ing it and never penetrating segments a' or b'. Parts corresponding to 
dd in the Fig. 1 are here represented by a few bars at right angles to 
OP, but, although most numerous near the sharp line between a' and b'^ 
they do not appear in sufficient quantity to form a distinct field, as 4 in 
Fig. 1. These interpositions seem most probably to be portions of a' 
included in V and vice versa. The lower part of Fig. 2 shows the ir- 
regular relation of b' to a' in some cases, the dividing line being sharp 
while very much broken. In fr^, which is thus enlarged, are numerous 
interi)ositions which are most sharply defined and apparently thickest 
on the side opposite a^ while thinning out toward that area. Some 
bars in b' seem to have a thin wing-like appendage on the side next a\ 
The orientation of these interposed bodies cannot be definitely ascer- 
tained, but they seem to correspond closely to the adjacent division of 
the next quadrant. 

The areas c c often contain stripes corresponding to a and b and also 
more rarely of b' or a'. Fig. 2 shows how each repetition of oo P is 
accompanied by portions which are banded parallel to its outline and 
correspond optically to all other parts of the same position. In some 
crystals a close examination shows a delicate zonal structure, parallel 
to that of a or &, iu small irregularly shaped parts of c, and as these 
are almost always thin and underlaid by substance of other orientation, 
so that a uniform extinction does not take place, it seems quite probable 
that these portions showing aggregate polarization are made up of an 
intergrowth of thin flakes of a and b with the ortho axis in common, 
but not in fully coincident position otherwise ; corresponding thus to 
the known tendency of the mineral in larger crystals and which is char- 
acteristic of those from this locality. Von Lasaulx also suggests this 
explanation, but thinks the brilliant and strongly contrasted polariza- 
tion of parts whose extinction angles should so nearly coincide is an- 
tagonistic. The interference of light in passing numerous laminae and 
possible tension arising from the manner of intergrowth assumed seem, 
however, sufficient to account for this strong action. 

During the study of the twin structure in phillipsite, Trippke' made 
a section through the centre of a double twin crystal, parallel to the 
clinopinacoid of one of the simple twins and obtained thus a form cor- 

^ P. Trippke. ** Beitrage zuv Kenntniss der Bchlesischen Basalte und ihrer Mineral- 
ien/' BreslaUf lb78. (Dissertation.) 
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resi)onding to the crystals of stilbite. Fig. 3 is a reproduction from his 
work showing the optical division of the section. Its formal corre- 
si)ondence with that described for stilbite is noteworthy. The segments 
a and b correspond to a' and V of Fig. 2, even to the interposed bars at, 
right angles to P, which are interpreted by Tri^pke as inclusions of a 
substance in b^ and the reverse (loc. cit, p. 39). The areas c, d'j /, & 
represent, however, four distinct individuals which do not correspond 
to a and b of Fig. 2, except in form. Likewise the wedge-shaped por- 
tions a' and V do not correspond to c of the stilbite, for they represent 
substance whose basal plane falls parallel to go Fob of a and b. If the 
various parts of the stilbite crystals do possess the ortho axis in com- 
mon, as indicated by the observations of von Lasanlx and by a ningle 
section secured parallel to P in a Table Mountain crystal, then the 
structural corresi)ondence between Figs. 2 and 3 is meaningless except 
for the segments based upon P. These are actual equivalents. 

The material thus far obtained from Table Mountain does not permit 
of crystallographic measurements of sufficient accuracy to determine 
definitely whether the division into octants, indicated by the optical 
behavior, can be traced in the outer form or not. The incomplete re- 
sults obtained have been given in detail because it seems probable that 
the material examined by von Lasaulx does exhibit in less distinct form 
the same action. It is hoped that an attempt to secure better speci- 
mens from Gk)lden may be successful, so that further examination may 
be made. 

ANAiiTSis. — Pure crystals gave on analysis the following: 





VL 


SlOt 


54.97 

18.78 

7.98 

L47 

10.16 


AUOl 


CftO 


KaiO 


HjO 


(W. F. HiUebnuid.) 


100.06 



Oxygen ratio : 

EO : R,03 : SiO, : H,0 
1 : 2.97 : 10.97 : 6.41, instead of 

1 : 3.00 : 12.00 : 6,00, as required by the ordinarily accepted 
formula. 

CHABAZrrg. 

OENBBAii. — ^With the exception of stilbite this is the oldest of the 
colorless zeolites. In most cases where several zeolites occur together 
chabazite forms the lining of the cavity and the others are deposited 
upon it. It is often found alone, however, and excellent specimens are 
abundant. 

The glassy white, or rarely pinkish, crystals have the usual rhombo- 
hedral form and the faces are occasionally as mxicili ^^ V"^ Kw. ^^^xs^^^^ss^ 
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The crystals are usually twins of interpenetration. In some of Uie 
smaller cavities are sabdividing walls of chabazite or miniature col- 
umns composed of many small crystals. A second generation of chaba- 
zite came after thomsonite and aualcite, but the crystals are few and 
very minute. 

Ghemioal Composition. — Chemical analysis of clear crystals gave 
as follows: 



SiOt.. 
AIiOb. 
FetOt. 
CaO.. 
SrO... 
KsO.. 
NaaO. 
HsO.. 



(W.F.Hillebnod.) 



vn. 




Vill. 


47.86 
19.80 
•a 12 

9.94 

Or 85 

a 52 

22.07 


47.18 
19.67 

J '9.74* 

{ .0.48 

a87 

0.61 

22.16 


100.16 


100.06 



* From attached llmonite. 



Loss on drying over snlpharic aold. 

Total loes at 100° C 

Total loss at about 3U0O C 

Loas above 300<> C 



Pereeoft. 

2.66 

4.76 

ia45 

8.70 



From the above analyses it is impossible to deduce a formula strictly 
in accordance with that of Bammelsberg^ or that of Streng.'^ Assum- 
ing part of the alkaline earths to be replaced by alkalies, the following 
oxygen ratios are obtained : 

RO : Al,03 : SiO, : H,0 

VII. 1 : 3.05 : 8.57 : 6.59 

VIII. 1 : 3.04 : 8.27 : 6.47 

It is highly probable that a part of the water is basic. The presence 
of strontia in such quantity is noteworthy. 
The material was not examined microscopically. 

THOMSOXITE. 

Occurrence and General Description. — This zeolite followed 
closely upon the chabazite; indeed its earliest aggregates are so inti- 
mately associated with that mineral as to make it evident that the depo- 
sition of the one had begun before that of the other had ended. The 
mineral occurs in very minute rectangular blades, which are placed upon 
each other like the leaves of a closed fan, and the very compact combi- 
nations of such aggregates are usually arranged in a more or less dis- 
tinct radiate manner. Sometimes spherical forms result, in other cases 
columns, by radiation from an axis, or, less frequently, walls, the blades 
standing at right angles to the central plane. Where crystals of yellow 



6 Zeitscbrift d. D. geol. Ges., XXXVI, 220, 1884. 
^Berichte d. oberbess. Ges., etc., XVI, 74, 1877. 
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calcite were not covered by chabazite the thomsonite has never failed 
to coat them, the blades being approximately perpendicular to the crys- 
tal faces. When a large surface of chabazite has been completely 
coated by the more or less radiate aggregates of thomsonite, forming an 
undulating surface, the whole has a most delicate silken lustre, while 
that on a fractured surface of a spherical mass is more satin-like. The 
Aggregates are white when pure and single blades are transparent. 

It is difficult to obtain isolated leaves, and they are then so thin as to 
affect polarized light but slightly, still it was definitely determined that 
the direction of total extinction between crossed nicols is parallel to the 
longitudinal axis. By examination of the ends of the blades under the 
microscope with a power of 90 diameters, it conld be seen that the verti- 
cal edges were formed in many cases by a plane at right angles to the 
dominant surface. Occasionally a prism was found with angle very 
near 90o, and in a few cases both forms together were seen. These 
planes correspond to the macropinacoid (dominant) prism and brachy- 
lunacoid of thomsonite, as given by all authorities. The termination 
seems to be the basal plane. The average thickness of these blades is 
about 01™" . Toward the close of the zeolitic formation a second genera- 
tion of thomsonite was deposited. The blades are in this case longer 
than in those of the first while the other dimensions remain about the 
same. In combination with the base upon the crystals of this latter 
growth are apparent brachydomes, whose angles with the base were 
most frequently measured at about 145^ or 135o. 

The blades of the second generation, when deposited upon Ihose of 
the first, have the same crystallographic orientation and serve simply 
as prolongations of the latter. Through the usual slight yellow tinge of 
the recent growth, the line between the two is clear. The long blades 
of the second growth of thomsonite often form bundles resembling rough 
l^ismatic crystals, and these bundles arranged in a loosely and irregu- 
larly radiate manner form bunches an inch or more in diameter upon 
which the delicate needles of mesolite have a special tendency to de 
posit themselves. 

The thomsonite of Table Mountain was first identified through a quan- 
titative analysis by Carlton H. Hand, at the time a student in the School 
of Mines at Golden. The analysis was not published and has been lost. 

Chemical Composition.— The following results were obtained by 
the analysis of different specimens of thomsonite from Table Mountain : 





TX. 


X. 


XL 


XU. 


xin. 


SlOi 


4a 88 
29.68 
11.88 
4.72 
12.91 


a 
40.68 
30.12 
1L02 
4.44 
12.86 


b 
40.70 
29.75 
1L89 


a 
41.21 
29.71 
1L34 

5.62 
12.20 


b 
4L17 

'*ii.*88 


a 
42.66 
29.25 
10.90 
4.92 
12.28 


b 

"29.29" 
10.90 
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Oxygen ratios : 

EOrE^OsiSiO, : H,0 
IX 1 : 3.03 : 4.73 : 2.49 

X, mean of a and ft 1: 3.09:4.77: 2.51 

XI, mean of a and ft >: 2.98:4.68: 2.31 

Xn, mean of a and ft 1: 3.14:5.19: 2.50 

Discussion of Analyses.— In all of these analyses the figures under 
b denote repeated determinations. Analysis IX was made upon ma- 
terial taken from the purest and finest specimen of thomsonite as 
yet obtained. Separation from the underlying thin layer of chabazite 
was complete. The material for X was also selected with the g^reatest 
care from a very pure specimen. Imperfectly spherical aggregates 
were broken up quite finely, and each particle appropriated for analy- 
sis was first closely examined with a strong lens in order to detect any 
trace of chabazite. Thinking it possible that a small amount of chaba- 
zite might have escaped notice, a second portion of thomsonite from 
the same specimen was procured by breaking off the ends of the 
blades, and this was found to contain 41.63 per cent, of SiO, (XIII). 
A microscopical examination of this material showed that these blades 
of thomsonite contained very small, irregularly rounded particles im* 
bedded in the outer surfaces. These particles, which are clear or 
slightly yellowish, do not afl:ect polarized light perceptibly and are not 
crystalline in form. They are present in varying quantity toward the 
termination of nearly all blades, but are usually entirely wanting in 
the lower portions of all aggregates. In the material yielding IX they 
were present in less quantity than usual, and even if they consisted of 
pure silica could have affected the result but slightly. 

Analyses XI and XII were made upon substance known to be slightly 
contaminated by delicate hairs of mesolite which could not be fully re- 
moved. Both represent thomsonite from bunches of the kind mentioned 
above. 

Relation to " Mesole." — In the hope of throwing some light upon 
the cause of the difference between the composition of normal thom- 
sonite (oxygen ratio 1 : 3 : 4 : 2J) and the variety sometimes called 
"mesole" (oxygen ratio well represented by those of the foregoing 
analyses), the ratios for all the analyses of mesole given in Dana's 
System of Mineralogy, and of such others as could be obtained, were 
calculated and the results examined. 

Intermixture of free silica or of mesolite has been generally consid- 
ered the cause of the excess of silica in mesole. While the presence 
of either or both of these substances may be a sufficient explanation in 
some instances, and in two of the above analyses (IX and X) un. 
doubted ly is, to some extent at least, a true one, it will not answer for 
a majority of the published analyses examined. Only one of these, on 
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!Nova Scotia material, by How, affords a ratio very near that famished 
by IX and X above. 

While positive proof is wanting of the total absence of free silica in 
the purest of the Golden thomsonite analyzed, the most thoroagh mi- 
croscopical examination failed to reveal its presence or that of any 
other foreign matter. 

Mesolite cannot be the disturbing element here, because in order to 
raise the silica 3 i)er cent, above that of normal thomsonite there would 
be required an admixture of not far from 50 per cent, of mesolite, 
which anionnt would also have raised the oxygen value for water. It 
seems indispensable to a solution of this question that numerous and 
accurate analyses should be made of this variety of thomsonite from as 
many localities as possible, and that careful microscopical examination 
should in every case furuish as far as possible a guarantee of the purity 
of all material taken for analysis. 

AKATiCITB. 

Oenbbal Desobiption. — Analcite follows thomsonite in time of dep- 
osition. At the locality mentioned on Korth Table Mountain its crys- 
tals are pure white or transparent and vary in size from very small ones 
to those nearly an inch in diameter. The predominating form is the 
common trapezohedron 202 having its octahedral edges evenly trun- 
cated by fO. The appearance of fO is very characteristic of the Table 
Mountain analcite, though the form is never prominent and is usually 
represented by an exceedingly narrow line. According to ZirkeP the 
form }0 has been observed but once on analcite, viz., by Laspeyres 
on that from the Kerguelen Islands. A second generation of analcite 
was observed, analogous to that of chabazite, the crystals being very 
small and clear. They were deposited upon apophyllite. 

On the eastern side of North Table Mountain analcite is often present 
alone, filling small cavities completely and developed in immense crys- 
tals in the larger ones, some being nearly 2 Inches in diameter. The 
faces of such large crystals are often uneven through depressions or 
other irregularities bounded by faces of 202. 

On South Table Mountain analcite is more abundant than any other 
zeolite. Large cavities have a floor of analcite but always in quite 
small crystals. Natrolite is almost invariably deposited upon it and 
frequently small cracks are filled with the same mineral associated with 
calcite or natrolite. Analcite was also found in spaces between the 
pebbles of a conglomerate bed, not far below the basalt, the pebbles 
being of basic eruptive rocks. 

Optical Behavior. — ^The anomalous optical properties of much 
analcite have been the subject of careful investigation by numerous 
able mineralogists, some of whom have sought the explanation in a com- 
plicated twin structure by which a substance of lower degree of sym- 

'Nftomaim-Zirkel, ** Elemente der Mineralogie." Leipzig, 1881. 
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metry may imitate a higher, while others have referred the phenomenon 
to double refraction arising from inner tension. Since the exhaustive 
researches of Ben-Sande* few have opposed the latter view, according 
to which all optical action in analcite, which is abnormal for a mineral 
crystallizing in the regular system, is ^garded as secondary and pro- 
duced by molecular disturbances due to changes of temperature. The 
mode of formation of the mineral and the crystal forms developed de- 
termine the character of the anomalous action. 

In the preliminary description of the Golden zeolites ^® it was stated 
that the analcite of Table Mountain ^< is doubly refractive, but so irreg- 
ularly that it cannot be well used in confirmation of the interesting ob- 
servations of Ben-Saude.'' At about the time of this publication a suite 
of the Golden zeolites was sent to Professor Carl EHein, of Gottingen, 
the foremost in the group of those who have sought to explain many 
optical anomalies in crystallized minerals by the theory of inner mole- 
cular tension due to secondary causes. The thorough examination of 
the Table Mountain analcite by Professor Klein, the results of which 
were published in the Neues Jahrbuch fUr Mineralogie, etc. (1884, 1, 
250), shows that the above statement is correct only for the larger crys- 
tals, while the smaller and most perfect ones agree entirely with the 
observations and conclusions of Ben-Saude. Renewed examination by 
us upon minute and carefully-selected crystals fully confirms this testi- 
mony. 

Professor Klein also subjected our material to investigation in a direc- 
tion recently followed by him in regard to many minerals with eminent 
success, particularly in the cases of boracite^^ and leucite.^^ By means 
of an apparatus devised for the purpose the effect of heat upon the op- 
tical properties of a given mineral can be observed under the microscope. 
The application of this method of research to the Table Mountain anal- 
cite enables Professor Klein to state that in sections parallel to ocO oo 
and 00 the doubly refractive action of the various segments into which 
the crystal is divided becomes less and less, and finally disappears en- 
tirely, leaving an isotropic field. By thin sections this change is effected 
rapidly, while in the thicker ones it is retarded, and in some cases was 
not. wholly successful. These investigations seem to demonstrate clearly 
that analcite is a regular mineral, whose anomalous optical properties 
are due to molecular disturbances produced by a decrease in tempera- 
ture from that prevailing at the time of formation of the mineral. 



" •* Ucber den Analclm." Neues Jahrbuch flir Mineralogie, etc., 1882, I, 41. 

>•' Am. Jour. Sci., Ill, XXIII, p. 452, 1882. 

" Neues Jahrbuch fUr Mineralogie, eto., 1882, 1, 235. 

»abid.,18d4, 11,49. 
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Chemical Composition. — Analyses of crystals, apparently pure, 
which were, however, not examined microscopically, gave as follows: 



SiOi 

AlfOt 

Natp 

H«0 

(W. F. Hillebrand.) 



xrv. 



6&82 
22.42 
13.48 

• ass 



loaio 



XV. 



65.80 

22.45 

18.45 

a35 

100.05 



Oxygen ratios: 

NaaO : AljOa : SiO, : H^O 

XIV. 1 : 3.03 : 8.66 : 2.14 

XV. 1 : 3.04 : 8.57 : 2.14 

The excess in silica" and water is most probably due to presence of 
hydrated silica. 

APOPHYLLITE. 

Genebal Description. — ^This mineral occurs in well-developed 
crystals of prismatic habit with oo P oo and P predominating, while OP 
is in most cases quite subordinate or wanting entirely. The larger 
crystals which are occasionally half an inch in diameter, are often of a 
greenish tinge, sometimes quite pronounced, and possess more or less 
uneven surfaces produced by a repetition of the crystal faces, so that 
the termination is made up of a large number of small pyramids. 

The prismatic surfaces are roughened by depressions or elevations 
bounded by prism and pyramid planes. This feature is very prominent 
in all large crystal?, while the smaller ones are in contrast sharp and 
clear with smooth, brilliant faces. Especially noticeable on these small 
and clear crystals, though not peculiar to them, is a replacement of the 
pole edge of the pyramid by a small re-entering angle formed by pyramid 
£Eices. This angle is nowhere prominent, yet may be easily identified on 
all clear crystals, both large and small. No corresponding irregularity 
of any kind could be detected on the dimetric prism of these crystals. 

As a rule the largest crystals occur in the small cavities, and their 
growth has been more or less hemmed by the walls, while the more 
perfect crystals are present in the large cavities, and are usually small 
and numerous. 

Optical Properties. — Apophyllite is another of the group of min- 
erals exhibiting in many cases an optical behavior not in accordance 
with the outward symmetry, and the mineral from Table Mountain shows 
this anomalous action in typical form. The thorough investigation of 
such minerals having become within the past few years a work for the 
specialist, with appliances not at our disposal, we shall confine our- 
selves to a simple statement of observed facts. We are able, however, 
to refer to the published results obtained by Professor Klein from an 
examination of material from Table Mountain. Unfortunately but a 
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few small crystals of this locality are suitable for such study, owing to 
the irregularities of form common to the larger ones, so that a satisfac- 
tory suite of specimens could not be placed at Professor KIein'6 dis- 
posal, liis results are contained in the same article with those upon 
analcite.^^ 

The mere observation of the optical anomalies of apophyllite is no 
difficult matter, provided good crystals are available, for the easily-ob- 
tained sections parallel to the perfect basal cleavage planes are most 
suitable for the purpose. It is, however, a significant fact that only the 
most perfect and symmetrically developed crystals exhibit the peculiar 
action in sufficiently simple form to permit a satisfactory description. 
With all apparent, and sometimes, it must be confessed, without visible 
irregularities in form, there appear variations and distortions of the 
more regular action about to be described. , 

The Table Mountain apophyllite crystals are bounded by oo P qd and 
P with P as a frequent addition. If a regular crystal of this form be 
divided into a number of sections parallel to the basal cleavage plane, 
there will be small ones of square outline, situated in the pyramid near 
the apex; larger ones of octagonal form through the intersection of 
both pryamid and prism ; and still lower, square ones again from the 
prism alone. Such sections, ground to the desired thinness and mounted 
in Canada balsam, show the following peculiarities when examined in 
parallel polarized light. Unless otherwise stated the examination takes 
place between crossed nicols, and the position in which the diagonals of 
the pyramidal section are parallel to the planes of vibration in the nicols 
is designated as position A, that produced by revolving the crystal sec- 
tion through 450, as position B. 

Figs. 4, 5, and C, represent the relation in a crystal examined and 
described by Professor Klein,^* all of them in position A. Fig. 4 illus- 
trates the appearance in a section near the apex of a crystal having 
P and showing the small re-entering angles above mentioned. In the 
centre is a dark field, whose outlines areonlj' approximately i)arallel to 
those of the pyramid. The outer zone is then divided in segments 
based upon the four sides, the opposite pairs having the same optical 
orientation. Fig. 5 represents the division in the octagonal section cut- 
ting 00 P 00 and P. The central field is here much smaller and the {seg- 
ments upon P consequently larger. Based upon go P oo are low triangular 
spaces of still diftereut optical action. Fig. G shows the relations in a 
section of the same crystal taken in the prism. The central field is 
here very small, while those areas corresponding to the outlines of 
00 P 00 have increased very markedly. The optical behavior of these 
divisions in position A is usually as follows : The central field is nearly 
or quite dark, the sectors based on outlines of P are light and equal. 




^^Neucs Jabrbuch fUr Mineralogie, etc., 1884, I, 253. 
^* These figures taken from tbe cited article. 
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while those upon ao P od are not homogeneous in action. The areas 
based upon P are optically biaxial, the plane of the axes lying normal 
to the outline of P adjoining. When a gypsum plate producing red 
light of higher order is inserted, and so situated that the lesser axis of 
elasticity runs from the upper left-hand to the lower right-hand quad- 
rant, the blank sectors appear yellow, the dotted ones blue, while the 
inner field has more or less perfectly the red colqr of the outer field of 
vision. The sectors based upon oo P qd are usually variegated in 
color, red, blue, or yellow, as will be described further on. In position. 

B the whole becomes dark except the irregular sectors adjacent to 
00 Poo. 

The statements of Professor Klein are chiefly directed to show that 
the optical properties observed are, to a very large degree, dependent 
upon the crystal faces developed. Thus the crystal whose sections are 
figured had a well-developed basal plane, to which fact is attributed 
the presence of the central field, while the decrease in size, as the sec- 
tions are taken deeper in the crystal, corresponds to the distance from 
P. He states that in a crystal without a basal plane the central field 
is wanting. The appearance of the prism qd P oo as a boundary of a 
section is accompanied by the appearance of the low triangular spaces 
of irregular optical behavior. The biaxial fields seem definitely related 
to the outlines of P. 

The examination of several crystals With reference to this relationship 
between outer form and optical action has shown us that any general- 
ization with regard to.O P and the central field is impracticable. In 
several crystals showing no base at all the dark central field is pres- 
ent, in one case being large near the apex and very small in the prism ; 
in another case the reverse ; also in crystals with P developed this 
field is sometimes smallest near that plane, and again it does not vary 
materially in size from the pyramid to the prism. In no case, however, 
has the prism qd P oo appeared as a boundary of a section, without an ad- 
jacent field in which the action is often complex, the complexity increas- 
ing as the section is taken lower in the crystal. No sector in this posi- 
tion has ever been seen independent of the development of oo P oo. , 

The figures of Professor Klein are intended to illustrate the most reg- 
ular action observed, and it is quite natural to assume that this simple 
relation of optically different parts is largely dependent upon the regu- 
larity in the development of the crystal form. The deviations from tliis 
simple relation and action of individual parts have never been fully de- 
scribed, but in the series of sections we have examined these variations 
are very numerous and seem quite as important in considering the cause 
of the optical phenomena as the more regular condition occasionally 

bOOIm 

The central core is very variable in form. Within a given crystal it 
often changes perceptibly from section to section either in size or in 
putlip9« Ab has been stated, it may be largest near the apex of the 
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crystal (whether P is developed or not) and steadily decrease in size 
downwards, or its apex may be in that of the pyramid, and in some 
cases it mns as an inner prism through the whole observed part of tbe 
crystal. Its section is bnt rarely square, although, rectangular in many 
cases, and this variation has no observable relation with the prominence 
of adjacent pyramid faces. The more perfectly rectangnlar its outline 
the sharper its boundaries are, and the more homogeneous its optical 
action. Variations from the rectangle are produced by broken side-lines, 
by the deviation of its angles from 90^, and by an increase in size until 
it can no longer be inscribed within the prism qd P ao . With all such 
irregularities are combined disturbances in the optical action of the 
centre. In the simpler instances, by position A the field is not wholly 
dark and several faint black crosses are seen whose arms are parallel 
to the diagonals of the pyramid, and revolve with the section, disap- 
pearing more or less completely in position B. These arms rarely cross 
each other at exactly 90^, and especially where the side lines of the 
rectangle are broken the field is divided into numerous irregular areas, 
each having by position A a black cross whose arms may join at any 
angle. These revolve with the section and either disappear or become 
less distinct by position B. In one section the optical division is quite 
regular, in that by position A the field is composed of a mosaic of light 
and dark squares or rectangular blocks,. whose sides are parallel to the 
outlines of the prism qd P oo. In position B the same structure is vis- 
ible with the dark squares as the light ones. The lighter areas are 
very faint and shade off into the darker ones. * With the insertion of 
the gypsum plate the place of the black cross is sometimes iudicated by 
bushy indistinct blue and yellow arms, normal respectively to the ad- 
jacent blue and yellow segments on the outlines of P. In two or three 
cases one side of the central field is absent, and there is a gradual shad- 
ing from the adjoining sector into the area of the centre. The opposite 
side of the field is very sharp and clear in such instances. By using 
the gypsum plate the change is very distinct, from the normal red next 
to the sharj) outline, by transition shades out to tbe distinct yellow or 
blue of tbe sector. 

The segments based upon P are much less subject to variation than 
the central field. They are always present and usually prominent. 
Normally they appear equally light in position A, but opposite pairs 
differ in intensity upon a slight revolution, and are wholly dark in po- 
sition B. On insertion of the gypsum plate, in position A, one pair ap- 
pears blue, tbe other orange-yellow. In regular crystals the dark lines 
which separate them run from the angles of the pyramid, or normal to 
00 P 00 if its faces are developed, to tbe angles of tbe central field, as 
in Figs. 4, 5, and 6. If tbe inner field is not regular, these lines must bend 
to meet tbe angles, and in fact they are often wholly irregular curved or 
broken lines, neither normal to each other nor to tbe outline of qo Poo . 
A.n optical variation of tbese segments is frequent, in that tbe outer 
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portious or a broad baud through the ceutre, parallel to the outliue of 
P, i8 much lighter thau that portiou near the central field. If the gyp* 
6um plate is iuserte<l the color of the lighter parts is purer blue or yel- 
low, and shades off into reddish hues toward the red centre. In position 
A iudistiuct dark figures are sometimes seen, and these usually spring 
from a point on the surface or from the angles of the central field. 
Fissure^} when present commonly furnish a number of centres for such 
disturbances. 

Finally, the areas based upon oo P oo are quite variable both in form 
and behavior. They are sometimes very low, perfect triangles, and in 
such cases their action is often simple. In position A they are dark, 
in B light. With the gypsum plate inserted they are red in position 
A, while in B opposite pairs are respectively blue or yellow, as with the 
pyramidal segments in the former position. When complex they con- 
sist chiefly of laminse parallel to oo P qd. In position B, with gypsum 
plate, a part of these lamin» appear red, the remainder blue or yellow. 

The simple recital of the optical variations observed seems sufficient 
to deter any one from an attempt to explain the anomalous action of 
apophyllite on a theory of complex twinning. The insensible gradations 
and shadings between all structures and optical conditions seen, are 
much more characteristic of the phenomena due to unequal tension or 
pressure in glass and colloidal substances, than of any complex twinning 
definitely known in a mineral. 

Ohsmioal Composition. — In chemical composition this apophyllite 
is quite normal, the fresh substance yielding the following: 



XVL 



SIOi v 6L» 

AUOi 1 L64 

FeiOt *..• 0.18 

CaO 34.61 

KsO j 8.81 

NftiO I o-aa 

HsO 1 18.58 

P L70 



OfbrF 



100.09 
0.78 



(W.F.Hillebrand.) 



99.97 



Considering all potassium and sodium as combined with fluorine, the 
following oxygen ratio is afforded: 

RO : SiOi : H,0 
1:3.95 :2.10 

The theoretical ratio 1:4:2 would be still nearer approached were 
it not for a probable slight loss of silica and excess of water, scarcely 
to be avoided in analyses of silicates containing fluorine. The FctOs 
is undoubtedly owing to minute particles of limonite which could 
not be completely removed. The AUOa is much higher than in most 
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analyseBy and tlie oondition in which it is present seems nndetermina* 
ble. 

Alteration.— The Table Mountain apophyllite is frequently sabject 
to alteration in a peculiar manner, which is, so far as we can ascertain^ 
di£Ferent from anjiihing previously observed for that mineral. By tbia 
alteration a pearly-white, very finely- foliate substance is produced in 
the basal cleavage fissures of the apophyllite. The decomposition begina 
at the surface and progresses inward, the flakes of the newly-formed 
substance lying parallel to the cleavage planes. Some crystals which 
are outwardly snowy white, show perfectly ft^sh substance within* 
When the outer surface of an altered crystal is dull the resemblance to 
albine is marked, but on fracturing such a crystal the distinct foliation 
and lustre show the diflferent nature of this substance. 

As more or less apophyllite is usually *mixed with the alteration pro- 
duct it was quite diiBcult to ascertain its chemical composition. Ma- 
terial apparently very pure was finally obtained from the specimen in 
which the decomposition was most advanced, by treatment in the fol- 
lowing manner: The finely-powdered substauce was stirred up in water^ 
and the finer portions were )K>ured off from the heavier impurities; the 
material suspended in the water was allowed to settle, the clear liquid was 
decanted, and the residue evaporated, accidentally quUe to dryness. It 
having been found that the air-dried material lost several per cent, of 
water over sulphuric acid, it was certain that some loss had been occa- 
sioned by drying on the bath; hence the drying was completed at IW^ 
C, and the following analysis was then made: 
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P.Hillebrand.) 
* By dlfTerenM. 




(W.l 


100.00 ' 



l%e FcsOs comes from certain reddish flakes which could not be sep- 
arated. The H9O is, from reasons above given, much too low, and the 
other figures are consequently too high. 

Neglecting Fe203 and H20 the following oxygen ratio is obtained: 

RO : AI2O, : SiO, 
T : 1.86 : 16.66 

frt>m which no satisfactory formula is deducible. 
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It is plain that this alteration product has nothing in common with 
albine except the color, Knop ^^ havin[]^ proved, for many cases at least, 
that the latter substance is chiefly calcite. 

MK80L.IT£. 

Genebal Desgbiption. — Mesoliteis the last of the minerals deposited 
at the locality on North Table Mountain where all of the species thus 
far described occur so often together that their order of succession is 
plain. The mineral appears uniformly in masses composed of exceed- 
ingly delicate needles loosely grouped together, very much like the 
spicules of a fine sponge. Such light aggregates frequently fill the 
smaller cavities entirely. In the larger ones the bases of the rounded 
bunches, 1 to 2 inches in diameter, often touch each other. The 
very lat4)st deposition, the finishing touch so to speak, is a thin film 
coating the whole mass. This is sometimes a continuous membrane, ' 
and in other cases more like a thick cobweb. The exquisite delicacy of 
some of these films is quite wonderful. In rare cases bunches on the 
upper and lower walh of a cavity are united by such a membrane. 
Single needles are clear, but the aggregate appears pure white. 

As was mentioned under thomsonite, the loose aggregates of the 
second generation of that mineral seem specially suited to attract the 
deposition of mesolite. 

None of the mesolite needles are large enough to allow any determi- 
nation of their crystal form, even under the microscojie at a high i>ower. 
Tliey seem simply like very fine transparent hairs. 

Chemical Composition. — The identification as mesolite rests upon 
the following chemical analysis: 



SiOt.. 
AliO, 
CaO.. 
NaiO. 
HiO.. 



(W. F. HiUebrand.) 
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100.17 




_ 


__ 



Oxygen ratio : 



RO : R,0, : SiO, : H,0 
1 : 3.08 : 6.00 : 2.63 



If mesolite be considered as a mixture of the isomorphous silicates con- 
tained inscolecite (CaAl^SisOio+S aq) and natrolite (NaiAl,Si30io+2 aq), 
the present occurrence would answer very nearly to the requirements 
of the combination of 2 of scolecite + I'of natrolite, the percentage of 
which would be : SiO, 46.32, Al^Oj 26.40, CaO 9.61, Na,0 6.32, H,0 
12^=100.00. 

^ In Blomi Die Pseadomoipliosen , etc. ; Drlttot '^M^iXxf^.^ \^^fS&^ ^ . AV. 
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KATBOLITB. 

Desobipton and Analysis. — Natrolite oocnrs mnch less aban- 
dantly than any of the species thus far described, and seems to be re 
Btricted locally to the northern part of South Table Mountain. It usu- 
ally appears in delicate prisms sparingly deposited upon analcite or 
associated with that mineral in fissures. It has also been observed upon 
yellow calcite, chabazite, and thomsonite. 

The crystals show only oo P and P ; they extinguish light exactly par- 
allel to the prism, and are therefore of the normal rhombic type. The 
microscope shows many crystals to be partially coated with calcite, which 
explains the presence of GaOOa in the following analysis of the needles: 



810b.. 

AliO,. 

CaO.. 

NfttO. 

HsO.. 

COi... 
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XE£. I 



•i 



48.66 
24.89 
4.87 
14.66 
*8.09 
t3.83 



100 00 
(W. F. Hillebraod.) 

* By difference. t CalonUted for total GaO. 

There being much less than half a gram of material at disposal fbr 

analysis^ no attempt at a direct water determination was made. On 

treating with acid there was a strong eflfervescence of CO,; therefore iu 

calculating the following oxygen ratio the OaO was assumed to be 

present entirely as CaCOa. 

Oxygen ratio : 

Na,0 : AljOa : SiO, : H,0 

0.98 : 3.02 : 6.C0 : 1.85 

A study of the ratio time thus obtained, however, renders it i)robable 
that a small part of the CaO was combined with silica, in which case the 
CO, would be less and the H,0 consequently higher, bringing the ratio 
still nearer to the theoretical 1:3:6:2. 

SCOL.ECITE. 

Description and Analysis. — Scolecite occurs sparingly in a zone 
just above that containing a great number of the zeolites. It appears 
in small spheres or segments of spheres with a radiate structure, and 
greatly resembles thomsonite, though easily distinguished by the brill- 
iant white color and satin like lustre. Toward the centre of the aggre- 
gates there is often a greenish color. 

The mineral only occurs in very small cavities, which are often en- 
tirely tilled by it and seldom contain any other zeolite. Minute tablets 
of brown mica which are coated, as are the walls of the cavity, by a 
lavender-colored material, usually appear as tho only associates of the 
scolecite. It occurs also in some cases with the next species tp be de- 
scribed. Ohabazite and thomsonite may occur in larger cavities directly 
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adjacent to smaller ones containing scolecite, bat they have never been 
fonnd with the latter. 

The mineral gelatinizes on treatment with hydroohloric acid and 
was fonnd to have the following composition : 



SlOt ' M.08 



AliOi. 
FetOi. 
CaO .. 
NatO.. 
Kfi... 
HsO... 



2S.28 

0.27 

12.77 

ai8 

'14.48 



1 loaoo 



(W.F.HfllebTMid. ) ^ 

*Diflereiioe. 

No attempt at a direct water determination was made, owing to the 

small amount of pnre material available. 

Oxygen ratio : 

EO : Al,03 : SiO, : H,0 

1 : 3.02 : 6.23 : 3.26 

It was impossible to free the mineral entirely from attached limonite 
and an insoluble silicate, which probably aecounts for the high valnes 
for SiO, and H,0 in the oxygen ratio. The agreement with the theo- 
retical ratio 1 : 3 : 6 : 3, is, in any case, close enough to establish the 
identity of the mineral as scolecite. 

IiBVTTNTTE. 

General. Description. — To the species levynite is referred a min- 
eral occurring very sparingly in small cavities side by side with those 
containing scolecite, although the two have never been observed to- 
gether. When but partially filling the cavity, white or colorless tabu- 
lai' crystals are developed, which resemble very closely the form usually 
given as characteristic of levynite. Eeferriug to the figures of Dana 
or Naumann-Zirkel, and adopting the ground form of the latter, the 
Table Mountain crystals are formed of twins of interpenetration pro- 
ducing hexagonal tablets with E and E as the chief faces, the re- 
entering angle formed by — J E being seldom distinct. E is always 
striated, often coarsely, x>arallel to the combination edge with — ^ £• 

The faces of E and E are not smooth enough to allow of good re- 
flections, hence the following measurements are not very exact, although 
snfflciently so to prove the identity in crystal form with levynite: 
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The crystals are attached by an edge, aboat half of the full crystal 
being developed free. They are extremely brittle, and fracture very 
easily at right angles to the horizontal edge of B, t. «., parallel to od P 2, 
so that material suitable for optical observation conld not be obtained. 

Associated with the levynite in some cavities or appearing independ- 
ently in adjoining ones, is a fibrous mineral, dull white in color and 
never showing crystal faces. As seen below it is practically identical 
with the levynite in composition, although so different in formal devel- 
opment. It cannot be referred to any definite species from present data. 

Chemical Composition. — Analysis of the pure crystals of levynite 
gave XXI, while the allied substance has the composition XXII : 



XXI. I XXII. 
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1&08 



99. 99 I 100. 20 



(W. F. HiUobrand.) 



Oxygen ratios : 



RO : R,03 : SiO, : H,0 

XXI. 1 : 2.90 : 7.01 : 4.66 

XXII. 1 : 3.01 : 7.15 : 4.58 



Thft water lost in drying has been included in the oxygen ratios, for 
the reasons given under laumontite. The ratios for dried material are : 

XXI. 1:2.90:7.01:4.03 
XXII. 1:3.01:7.15:3.94 



OTHER MINERALS. 



BOL.E. 

Description and Analysis. —In many irregular cavities in thesco- 
riaceous crust of the lower sheet, and especially noticeable at about tlie 
centre of the northern face of South Table Mountain, is a dark brown clay 
which probably comes under the above head. It is very dense and ap- 
parently homogeneous, and has tbo peculiar fracture characteristic of 
such masses. Placed in water it falls apart without decrepitation. It 
is often associated intimately with a brown massive calcite, and iu otlier 
cases it alone fills cavities completely. Two specimens, one of a light 
(XXIV), the other of a dark brown color (XXIII), were subjected to 
analysis. 

(256) 



CBOfiB AM) 



30LE CALCITE. 



39 



XXTTL'XXIV.' 



SiOi 42.83 

AbO*..: ia76 

PeiO, 11.88 

CaO 2.69 

MjK) 3.39 

KsO 0.35 

N««0 0.24 

H«0 ' 20.21 



100.05 



CW.F. Hlllebrand.) 
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' 2.30 


2.42 


1*2,06 


20.38 


100.00 



''By difference. 

From these results no satisfactory ratio or formula can be deduced. 
They probably represent mixtures of different hydrous silicates. 

CAiiCin:. 

OoouBBENCE AUB DssoBiPTiON. — The Carbonate of calcium has had 
three periods of deposition in the basaltic cavities of Table Mountain, 
two as calcite and one as aragonite. In the form of wine-yellow crys- 
tals it preceded even chabazite, being in all observed cases deposited 
directly on the basalt and coated usually by chabazite or thomsonite. 
It is rarely found in those cavities to which water has had access through 
fissures, having been dissolved. The second deposit of calcite came 
after apophyllite. These crystals are colorless or slightly* straw-yellow, 
and the form of both varieties is commonly that of a sharp scalenobe- 
dron terminated by a low rhombohedron. 

The aragonite is present only as a snow-white incrustation, appar- 
ently with a special tendency to deposition upon chabazite, though often 
noticed upon apophyllite and thomsonite. It was next to the last min- 
-eral deposited, onlymesolite having been observed upon it. 

The brown calcite mentioned as associated with bole is never present 
in the zeolitic cavities. * 

(257) 



n.— MINmELlIiS FBOM THIB KEIGHBORHOOB OF PIKB'S 



By Whitman Cross and W. F. Hillebrand. 



GENERAL. 

The name of Pikers Peak has become well known the world over in 
connection with the large and perfect crystals of Amazon stone (micro- 
cline) which have foand their way into almost every mineral collection 
of importance, and yet the stranger who ascends the mountain from 
Maniton may see no sign of that or of any other of the uameroas si^e- 
cies accredited in a general way to the region. It may be well, there- 
fore, to preface this description with a few remarks concerning the mode 
of occurrence and the distribution of the Pike's Peak minerals. 

The mountain proper rises to a height of 14,147 feet, and is sur- 
rounded by many lesser peaks which reach 10,000 feet. The same 
coarse reddish granite which forms the greater part of all these points 
extends in a northerly direction for at least 35 miles. Owing to a lack 
of gold and silver bearing ores the granitic formation has not been thor. 
oughl3' explored, the region is uninhabited, excepting on certain routes 
of travel, and the great majority of the mountains and streams are 
unnamed. Hence it is that minerals found in many remote spots are 
afterwards labelled simply as from Pike's Peak. For many of the spe 
cies the inaccuracy is unimportant, as throughout the entire granitic 
area some of them are surely to be found upon search. 

LiSTOF Species Known. — Up to the year 1882 the following min- 
erals had been identified with certainty, viz. : Microcline, albite, biotite, 
mnscovite, quartz (smoky and clear), fluorite, columbite, gothite, hema- 
tite and limonite (pseudomorph after siderite), arfvedsonite, astropbyl- 
lite, zircon, bastuasite, and tysonite. The species described in tbi& 
article have been identified by us since that time, viz: topaz, phenacite, 
kaolinite, cryolite, pachnolite, thomsenolite, gearksutite, ralstonito (f), 
prosopite, and elpasolite. 

Another series of minerals now in the course of investigation em- 
braces several salts of cerium, yttrium, etc., belonging to species not as 
yet fully determined, although xenotime and yttrotantalite are probably 
present. Oassiterite also occurs in small quantity. (See p. 74.) 
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Mode of Ooourrenoe. — ^The reddisli granite of the region belongs 
to a type common in the Colorado range of the Bocky Mountains, and 
is supposed to be a part of the Archaean formation. It consists of a 
largely predominant reddish feldspar, to which are added brilliant 
black biotite and quartz, the latter subordinate, and occurring in small 
grains. The feldspar consists largely of an intergrowth of orthoclase 
and albite, somewhat after the manner of perthite. 

Throughout the granite body, though much more abundant in some 
places than in others, are drusy cavities or '^ pockets " of very variable 
size, and often distorted by movements of the rock mass. Lining these 
druses, or entirely filling them in some cases, are crystals of feldspar 
and smoky quartz, in the first degree, with fluorite, topaz, phenacite^ 
zircon, gothite, hematite, and limonite, as more or less constant com- 
panions. 

The granite disintegrates rapidly through the action of the weather 
into a coarse, gravel-like mass^ and many of the mountain slopes are 
covered by such material, with solid rock appearing here and there. On 
finding fragments of crystal in the debris the prospector for minerals, 
with pick and shovel in hand, endeavors to find th(' original cavity from 
which the fragments came^ One of these druses has been known to 
yield more ths^n a ton of crystallized specimens of Amazon stone, smoky 
quartz, etc. 

Vein-like masses, composed chiefly of white quartz and reddish mi- 
crocline, are also locally abundant, and iu the>e are sometimes found 
small masses of cryolite and its alteration products, with zircon, astro- 
phyllite, and columbite as observed associates. 



CIIYOLITE. 

Locality. — The point at which cryolite ^nd its alteration products 
have been found is at the northeastern base of Saint Peter's Dome, a 
minor peak due west of Cheyenne Mountain and near the toll -road from 
Colorado Springs to the Seven Lakes, at the southern base of Pike's 
Peak. The spot lies nearly on the southeastern border of the extensive 
region within which Amazon stone and its associates occur, and may be 
thus considered within the "Pike's Peak region," although several miles 
distant from the mountain proper. The fluorides were first shown in a 
prospect shaft and in a neighboring tunnel, but visits made to the local- 
ity since the first publication have proven the presence of cryolite masses 
in several of the small irregular veins north and west of Saint Petei^s 
Dome. 

Ocourbenoe and Association.^ — The manner of occurrence and 
the relationship of the fluoride masses can now be stated much more 
clearly than was possible in our first notice. Cryolite, in the massive 
form to be described, was deposited in the veins of secretion which axe^. 
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80 abundant in the granite country rock, in small but pure and homo- 
geneous m^^sses. Some of these veins have certainly had two periods 
of secretion, as is shown in the Eureka tunnel, Saint Peter's Dome. This 
tunnel penetrates for about 200 feet an irregular mass, consisting largely 
of white quartz and reddish microcline. The greater part of the quartz 
is the common white vein material containiug^no included mineralii, but 
a portion of it, appearing in sharply defined angular blocks, is fiill of 
the transparent zircon to be hereafter described. Small particles of 
microcline are also disseminated through this quartz, while in the body 
of the vein it presents huge individuals, sometimes Keveral feet in diam- 
eter. An examination of the tunnel walls shows here and there faces 
of pure massive fluorides 5 or 6 feet across and sharply defined against 
both pure and zircon-bearing quartz, the spaces filled being very irre*g- 
alar and angular. No contemporaneous minerals of importance accom- 
pany the zircon and cryolite in this vein. 

The purity or homogeneity of the white quartz, zircon-bearing quartz, 
and fluoride masses, together with their irregular forms, seems to indi- 
cate different periods of development, and it seems further probable 
that a time of disturbance, in which the original quartz and feldspar 
vein was much fractured, produced the irijegular spaces subsequently 
filled by diflferent deposition. The cryolite may have been formed here 
during the time in which fluorite and topaz were deposited in the cavi- 
ties of the region to the northwest. 

The only mineral observed to be undoubtedly contemporaneous with 
the cryolite is colurabite, which has been seen in small crystals embedded 
directly in fresh cryolite. At one place as trophyllite bhades penetrate 
cryolite, but these are implanted directly upon the granite wall, and are 
probably* an earlier formation, as are the zinjon crystals at their base, 
an<l impregnating the granite itself. In the immediate neighborhood 
arfvedsonite and astrophyllite are quite abundant, both occurring most 
frequently embedded in white massive quartz. The original locality of 
tysonite and bastniisite is not far from Saint Peter's Dome, but little is 
known to us concerning the manner of occurrence of these minerals. 

Purely ScrENTiFic Value of the Discovery. — As numerous in- 
quiries concerning the probable commercial value of this new cryolite 
locality have been received since the published descrii)tiou, it may be 
well to emphasize the conclusion which is clearly suggested by the de- 
scription of the occurrence of the mineral. All the cryolite as yet 
known occurs in the form of subordinate ma^sses in the veins ot secre 
tion which appear here and there tliroughout the granitic formation, 
and there is no reason to suppose that masses of economic impoi tanec! 
4*.an occur in the region. 

Recent Literature of Cryolite and its Altekation Prod- 
ucts. — The minerals of this group, of which so little was known a tew 
years ago, are now among the best known. As most of the recent pub- 
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lications are of direct interest to us in describing the material of the 
new find, a brief mention of the leading articles is in place. 

The earliest contribution to be mentioned is that of Prof. P. Oroth, 
then in Strassburg, who instituted a carefnl investigation of cryolite 
and its alteration products, several of which had received names without 
satisfactory proof of their homogeneity, while more or less doubt was 
justifiable in regard to the chemical composition of all of them. Simi- 
lar rare minerals of other occurrence were also studied. The purely 
mineralogical part of this investigation was conducted by Protiessor 
Groth personally, while material selected by him was subjected to chem- 
ical analysis by Dr. J. Brandl, in Munich. To the papers by Messrs. 
Groth ^^ and Brandl" we shall refer frequently in the course of the fol- 
lowing description. Owing to better material we are able to supple- 
ment in some particulars the results of these gentlemen, and in but a 
a single case, namely, in regard to the composition of pachnolite, is there 
any discrepancy betweeg our conclusions and theirs. 

Concerning the crystallography of the group, Krenner^^ and Des 
Oloizeaux^' have made important contributions while the laws of twin- 
ing in massive cryolite have been investigated by Miigge.^ 

General Description — The pure cryolite appears in maesiveaggre- 
gates of large individuals, quite like that from Greenland. The three 
prominent cleavage surfaces are often continuous for two or three inches, 
indicating the size of. the individuals present. A delicate pink or even 
decidedly rosy hue is characteristic of the freshest substance found, but 
the greater part is either of a faint greenish tinge or dull white, and none 
so far obtained has the snowy whiteness or the clearness of the Green- 
land mineral. The color disappears on heating, leaving the cryolite 
pure white. 

The three marked cleavage directions are situated nearly at right an- 
gles to each other and one seems slightly more perfect than the other. 
A parting parallel to these planes is by no means so easily effected as 
one would expect from the distinctness with which they are seen, a fact 
explained by the complicated polysynthetic structure to be describe^!. 

Twin Structure. — As no crystals of cryolite have been found in 
this locality, the study of the complicated twin structure exhibited by 
the massive material is no easy matter. The recent investigations of 



'*^ P. Groth. '^Beitrage zur Kenntniss der Datttrlichen FluoryerbiuduDgen," Zeit- 
echrift flir Krystallographie, VII, pp. 375-388 and 457-493, 1883. 

'^ J. Brand]. Sitzungsbericht der konigl-bayr. Akademie der Wissenschaften zii 
Mtlnchen, 1882, p. 118, and Annalen der Chemio, CCXIII, p. 1. 

*^J. A. Ki-enner. ''Die groulUndischen Minerale der Kryolith Gmppe.'' Buda- 
pest, loc%>. 

^'-'A. Des Cloizeaox. **Noavelles observations snr le type oiistallin anquel doit 
£tre rapports la cryolite.''. Bull Soc. Min. d. Fr., 1883. 

^O. MUgge. ^'tlber die Zwillingsbildnng des Kryolith." Jahrbnch d. wiss. 
Anstalten zu Hamburg, 1883, p. 67. 
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Krenner, aod.eapeoiftUjr tlioie of Mfligge apoa the mauiTe mineral from 
Oreeoland, have» however, done mnofa to make the rdations dear. . 

Dana" mentions od P, Wejbifty" OP and odPss, and Kxenner" oo P 
and I P aa twinning planes identified npon crystals of cryolite. Htigge** 
seems to have identified db ^ P as a twinning plane in the massive ma- 
terial, independently of Krenner's determination. In. ail the above- 
mentioned laws the axis of revolntion is the normal to the twinning plane, 
which is nsnally the composition fhce. The .poly^ynthetie devetopment 
of varioos laws was briefly allnded to in the first notice of the Oolorado 
cryolite, and the descriptions of Milgge show that a similar, although by 
no meanp equally .oomplioated« stmctnze exists in the^Oreenland mineral. 

The well known pseudo-symmetry of cryolite is illustrated by the f<d* 
lowing valnes, taken from BLrenner: fissgO^W* the prism angles fure 
880 2' and Ol^ SS', the angles between OP and opposito prism ibces are 
900 8^ and 880 52^. The axes of elasticity are also situated in peculiar 
agreement with this symmetry, the bisectrix lying in tbe clinodiagonal 
section, inclined 43^ 54^ to the vertical axis and 4fio 55/ to the dino axis. 
It is to be noticed that by all the above-mentioned laws of twinning the 
planes of P and od P ai e brought in so nearly coincident positions that 
the deviations ace unnotioeabh) npon the deayage sni&oes of the massive 
substance. 

The examinations of Miigge were conducted upon thin sections lying 
'in water, the index of refraction of th6. liquid being almost equal to that 
of cryolite. Our observations were made upon sections prepar^ in the 
usual manner. As none of them exhibit anything correspondiQg to the 
results obtained by MUgge on heating to a temperature of over 400^ C, 
it is assumed that no change in the optical properties was produced by 
the temperature necessary in mounting these sections in balsam. 

Although we cannot in the cleavage material distinguish with cer- 
tainty between x P and P, or between the positive and negative 
quadrants, still, if from a given cube, sections be prepared jiarallel to 
each of the three cleavage &ces, we should be able to observe the rela- 
tions of all twinning laws seen to each other and to a ground fr^rm which 
can be assumed. For a clear distinction of all the individual pcirta it is 
necessary to examine the thin Hections between crossed nicols and witli 
an inserted gypsum plate giving the field of vision a red color of the 
higher order. As nearly all the twinned parts are symmetrically related 
%o Qo P or P, the first position in which their relations can be seen to 
' advantage is secured by placing the cleavage lines in each section rt to 
the principal sections of the crossed nicols. This i)Osition is hereafter 
designated as position I. It is evident that the extinction in the basal 
section tekes place parallel to the diagonals of the prism, as indicated 

'^ System of Mineralogy, 5th ed., p. 127. 

"■Neuea Jahrbuch fUr Minendogie, etc., 1SS7, p. 810. 

**Loe.oU. 
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by the cleavage lines, i. «., about 45^ from eacli^ The theoretical ex- 
tinction parallel to a face of oo P is 31^ 15' from the vertical axis (Oroth), 
which direction lies parallel to one set of cleavage lines. 

The varions laws of twinning observed will now be taken up and the 
resulting structure parallel to each of the! cleavage faces described. 

Late a. — ^Twinning plane and composition face qo P, axis the normal 
upon it. 

One of the three sections shows a fine banded structure parallel to 
one set of cleavage liniBs ^ this resembles plagioclase twinned according 
to the albite law, but the boundaries are less clearly defined. In posi- 
tion I alternate bands are blue, the remainder yellow ; reversed colors 
are produced by a revolution of 9(P j extinction occurs at about 31^ 
firom the twinning plane, right or left according to color. The second 
section shows no such banded structure, but extinction takes place at 
31^ from either cleavage system. The third section exhibits a banded 
structure with blue and yellow colors, but with nearly coincident ei- 
tinction at 45^ from the twinning line, which is parallel to one cleavage 
direction. 

As experience shows this twinning to be always parallel to one pair 
of prism faces and there is evidently a definite relation between the 
other laws and the present, we will assume the left-hand front prism- 
face as the twinning plane, ao P (0* '^^^ fii*st section was therefore 
parallel to oo P (r), the second to qo P {l)j and the third to P. This 
assumption is mkde in all subsequent discussion, so that the relations 
of the different laws may be correctly expressed. 

The laminae are sometimes broad, but more frequently narrow, meas- 
uring 0.01 to 0.10°^ in thickness. It is therefore difficult to prepare a 
section so nearly parallel to oo P (<) that it shall not cut obliquely sev- 
eral of the laminae, producing a broad irregular banding, as represented 
in Fig. 7. The four vertical bands with irregular boundaries are alter- 
nately blue or yellow in position I, and extinguish at 31^ right or left. 

Law b. — ^Twinning plane and composition face i P (r), axis the nor- 
mal upon it. 

Sections parallel tooo P (r) usually show in each lamina produced by 
the first law a structure illustrated by the lower left-hand portion of 
Fig. 8. The parts of new orientation are represented by the small rec- 
tangular or graphic forms lying parallel to the diagonals of the square, 
right or left as the case may be, and however zigzag the shape the 
bounding lines are almost always parallel to the diagonals mentioned. 
These forms are apparently identical with those described by Milgge as 
twinned parallel to ± } P, and they appear in the other two sections in 
ft manner agreeing with this supposition. In Fig. 7 they are re])resented 
by the smaller horizontal lamellae which do not cross the boundaries of 
the broad bands, and in Fig. 9 by the vertical lamellae inclnded in the 
larger ones. They are therefore cut by the plane oo P (r) nearly or 
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quite at right angles, and their incliDation is that of the plane it ^ P, 
according to which they are intergrown. 

The explanation above given is, however, insufficient, as there are 
particles of three distinct optical orientations among these formally in- 
distinguishable portions. If a lamina cut parallel to ao P (r) be placed 
in position I, and then shows a blue color, the visible included parts of 
the form in question will appear yellow. On revolving the lamina 31^, 
to its position of extinction, it is found that some of those diagonally- 
situated particles have the same extinction as the himina containing 
them, while the others become still brighter yellow and are found to ex- 
tinguish simultaneously with the adjacent yellow lamina. On moving 
the section out of position I diagonal parts of the third orientation ap- 
pear. These were blue in position I, but do not extinguish with the 
substance surrounding them ; on the contrary, they correspond in this 
particular with the neighboring yellow lamina. It is impossible to deti- 
nit^sly determine the laws according to which the substances are twinned^ 
but in Fig. 10 the observed relations are explained in one way. The. 
larger arrows indicate the normal directions of extinction parallel to 
CO P (r), with reference to the vertical axis. The area x represents the 
position of the corresponding directions of extinction in a lamella twinned 
parallel to the upper right-hand face of the positive hemipyramid, \ P 
(r). This will extinguish at 31^ to the right from the vertical axis, while 
corresponding very nearly in color with the inclosing substance in po- 
sition I. This is. considered the equivalent of the law identified by 
Krenuer. The lamella y is related to x as if twinned according to law 
a, and thus will exhibit parallel extinction with the inclosing Hubstance 
but the opposite color in position I. The part z corresponds in color 
and extinction to the adjaeent lamina, twinned after law a, and inter- 
grown parallel to h P (r) or — h P (I). 

Careful study of a number of sections has failed to show any mctluxl 
of distinguishing between these various parts aside from their optical 
orientation. Now one, now anothei*, seems to predominate, and often 
all three are to be seen in a single lamina. 

The sections parallel to x> P (/) and P cut these thin particles at an 
oblique angle, and their proper optical action is thus so obscured that 
they cannot be used to test the accuracy of the relation represented by 
Fig. 10. 

Law c, — Twinning plane x P a, axis the normal upon it, com position 
face 00 P, or an irregular surface near it. 

Sections parallel to P never show a twinning plane running parallel 
to either pinacoid, and yet substance is found whose orientation coires- 
])onds to the requirements of tlie above law. This is shown upon I* 
by polysynthetic twin structure parallel to the second prism plane, 
cc P (r), the laminae extinguishing at 45^ and hence presenting OP. 
See Fig. 9.) This might be considered as twinning after the prism 
Dane x P (r) except that a corresponding structure upon oo P (/) doe« 
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uot appear. There is, it is trae, a vertical lamellar twinning sometimes 
seen, bat accompanied by the substances intergrown as described under 
law h. This is represented in Fig. 7, and is the natural result of law c^ 
which brings oo P (r) with its thinning after laws a and h into parallel 
I)osition with « P (l)^ produces a crossing of the laminae upon P, and^ 
lastly, brings oo P [1) parallel to oo P (r). This latter position is natur- 
ally seldom seen in sections, as the part thus twinned is usually a rather 
thin plate parallel to oo P (r), of the chief individual. In one case, how- 
ever, a section parallel to oo P (r) which exhibits the usnat complicated 
structure over the greater part, passes by an irregular indistinct line 
into substande of more simple action, like that represented for oo P (/) 
in Fig. 7, as if the slightly oblique section plane had cut into the plate 
twinned after this law c, Websky describes the composition face, in 
the case noticed by him, as irregular, although lying approximately 
parallel to oo P oo. 

• Law d. — Twinning plane ^ P (2), axis the normal upon it, composition 
4'ace 00 P (?), or an irregular surface near it. 

By this law oo P (r) and P are interchanged. It seems required to 
explain the appearance in the section parallel to oo P (r) of laniinae 
parallel to those of a, but with extinction of 45^ (see Fig. 8), and the 
similar laminae on P with extinction of 31^, and including parts twinned 
after the law h. Upon oo P (i), the composition face, this law cannot 
be identified. 

Laic e. — Twinning plane — J P (/), axis the normal upon it, composition 
face irregular. 

This law seems required to account for certain relations frequently 
seen upon oo P (r) and oo P (1). Upon the former the usual structure 
of this face api)ears at right angles to its proper position, while upon 
00 P (I) horizontal bands may be seen which are polysynthetic, and give 
extinction at 45^ from position I. This would be explained by the law 
above given, and is illustrated by Figs. 7 and 8. 

Of the above laws the first seems to be identifiable in all portions not 
parallel to the twinning plane, and the second is nearly as persistent. 
Law d affects substance already twinned alter laws a and &, while c and 
e produce a twinning of matter showing a, hj and d. Laws c^ d, and e 
are thought to be justified, for however irregular their composition face, 
the position of the parts twinned after a and b is always a very definite 
and regular one with reference to corresponding parts in the primary 
individual. 

Whether the prismatic twinning plane is right or left, it is clear that 
the planes of laws b and e and the composition face of c lie in the zone 
between the prismatic twinning plane and OP, and that the plane of d 
is in the zone of OP to the other prism plane. 

No twinning parallel to OP was noticed, unless a horizontal division 
of a few iMninse twinned after a be thus interpreted (Fig. 8). 
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Ghemioal Composition. — For all analyses of this and the following 
minerals the greatest care was taken to have the purest of reagents. 
The flaorine was in all cases determined by the Wohler-Fresenios 
method, with the nlight modifications introduced by Brandl,^ except 
that the iron plate instead of the oil-bath was used for heating. The 
sulphuric acid was obtained of the highest degree of concentration and 
purity by distillation from a platinum retort. The water was deter- 
mined by absorption in a chloride of calcium tube, the mineral having 
been heated in a tube with either oxide of lead or carbonate of sodium, 
the results bemg the same whether one or the other was used. 

The cryolite, of which the analysis is here given, possessed the specific 
gravity 2.972 at 24^ 0., was faintly pink in color, and contained as a 
visible impurity the oxide of iron represented in the analysis: 



(W.F.mUebrand.) 



* As Uie mean of 53.35, 58.46, 53.55, and 53.8S. 

The presence of a slight amount of water indicates incipient altera- 
tion, but although purer and fresher material was subsequently ob- 
tained, a second analysis seems uunecssary. 

Alteration of Cryolite. — Although pureandfreshcryoliteis com- 
mon, the greater part of masses so near the surface is naturally changed. 
In the Eureka tunnel the surfaces seen upon the walls exhibit plainly the 
three cleavage directions of cryolite, especially when moistened. The 
material is chiefly massive pachnolite, however, as can be distinctly 
seen in thin sections, while fresh ci^^'olite is still visible in small patches. 
Alteration of the cryolite proceeds in two w^ays, producing the same 
minerals in the end. By one process the principal cleavage fissures are 
utilized by the solutions which, eft'ect the change, and thin walls are 
formed of a white crystalline substance. The next step seems to be the 
bodily removal of the cryolite matter between these walls, leaving a 
network of partitions in the three directions of the chief cleavages of 
the original cryolite. These i)artitions or walls are lined by minute 
crystals. The second mode of alteration ])roc(^eds from the neighboring 
quartz and from the boundaries of the difi'erent crystalline individuals 
of tlie cryolite, the result being a conipact crystalline mass of a faint 
bluish tinge. Tlie material at hand illustrates the two processes and 
their products about equally well, and they are often combined. 



♦'Annalen dor Cbemie iiud Pbarmacic, .CCXIU, p. 1. 

'^It Al=*27. In this and all snbseqnent analyses, percentages of aluminium are cal- 
culated with the assumption of 27 as its atomic weight. 
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A lar^c part of tbe material in the Enreka tiinnd is a niasBive mix- 
ture of indistinguishable compounds, probably derived from the altera- 
tion of pachnolite. Fluorite is one of the further products, but never 
appears prominently. 

The small mass of fluorides struck in the incline near the Eureka 
tunnel is remarkable for the purity of a number of further products. 
Near the quartz and granite walls decomposition has progressed until a 
pure white snbstance has been formed, which, when dry, is a kaolin- 
like powder of extreme fineness. It resembles plaster of Paris when 
wet, as it invariably is in the vein. This is the gearksutite to be de- 
scribed further on. From this same small mass were obtained most of 
the specimens utilized in the determinations of the species whose con- 
sideration follows. 

PACHNOLITB. 

From the Thin Walls. — The microscopical examination of the walls 
and membranes produced by the first mode of alteration of the cryo- 
lite, shows them to be coated by many minute but perfect, colorless, 
and transparent prismatic crystals, which are usually placed at right 
angles to the central plane of the wall, though sometimes in an irregu- 
lar manner. They reach a maximum length of 2°'°' by a thickness of 
0.2 to 0.4™™. The crystals are occasionally yellow in color while retain- 
ing their transparency, the color being doubtless owing to some matter 
derived from the alteration of the astrophyllite which penetrates all 
such specimens. The crystallographical identification of these crystals 
with pachnolite is quite certain, for upon placiug them in vertical posi- 
tion under the microscope the prism angles can readily be measured, 
and correspond closely to 81^ 24^ and 98^ 36^, the theoretical angles of 
pachnolite (see Groth, 1. c, p. 463). The prism ao P and ba^ OP are 
in all cases the chief faces, accompanied frequently by a hemi-ortho- 
dome and very rarely by a clinodome, both very slightly develoi)ed. 
The former is considered to be — P oo , from data given below. Pyramid 
faces have not been seen upon crystals of this growth. Although all 
detached crystals show, when examined in x)olarized light as lying upon 
a prism face, an oblique twinning plane in the prismatic zone,^^ still a 
projecting angle upon the base can but rarely be seen. The reflecting 
sni&ces of the thinnest walls are composed of innumerable small facets 
of rhombic outline, — the basal planes of the very low prisms. In frag- 
ments from some of the thinnest walls, placed horizontally under the 
microscope and observed in polarized light, twinning parallel to the 
shorter (ortho-) diagonal can easily be seen. The crystals are usually 
quite equally bisected by the twinning line. The central portion of 
these walls is rather dull white, and probably represents the alteration 
product on cleavage planes of the original cryolite, while the crystals 

«-Groth,Z.c.,p.464. 
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themselves were formed daring or after the removnl of the iiitomicdiate 
cryolite substasce. Material from a network of thin walls covered by 
pachnolite crystals was sabjected to chemical analysis, yielding the 
result under XXYII, p. 54. 

From the Bluish Massive Alteration Product.— The pale 
bluish mass formed by the second mode of decomposition has, in £^reat 
party a regular crystalline structure produced by a more or less i>crfect 
intergrowth of pachnolite individuals in three directions approximately 
at right angles to each other. Nearly simultaneous reflection over the 
greater part of certain irregular surfaces make tbis relation plain. By 
the examination of such a surface with a lens one can nsually identify 
a number of rhombic facets which are nearly or quite coincident in 
position with striated planes, tbe two corresponding to OP and ao P 
of different individuals. Such a structure is also illustrated by tbe 
crystals in the numerous small cavities occurring in the massive ma- 
teriaL 

These cavities are wholly of irregular shape and reach a maximum 
observed diameter of 3 to 4«™. The crystals lining them are often very 
p<Tfect, and are occasionally 2 to 3™*" in length, with a thickness of 
ivita Qj. iggpj^ rjijj^ study of tbcsc crystals proves that, as in the preced- 
ing case, most of them must be referred to pachnolite, although thorn- 
seuolite is t^paringly present. These pachnolite crystals differ in habit 
from those already described in that the pyramid is usually prominent* 
b< ing, however, in nearly every case truncated by the basal plane ; in 
fiKit, crystals without OP are very rare. The rhombic section of the i)rism 
is ever^ when*, plain. Although every prism on being optically tested 
slows a twinning plane in the prismatic zone, the low projecting angle 
ol 1790 20' upon P can seldom be distinctly seen. Many crystals are 
somewhat (extended ])arallel to one pair of prism faces. A hemi-ortho- 
dome of tho same order as the pyramid is sometimes developed, and 
])robably corresi)onds to that noticed upon the crystals of the foregoing 
t.vpe. Most of the crystals of these cavities, while very jierfect and dis- 
tinctly recognizable as pachnolite, are too small and their surfaces are too 
froquently covered by minute crystals of a later growth to be available 
for measurements with the goniometer. Two specimens, however, of the 
bluish massive material, when carefully examined, proved to contain 
])iichnolite in a form allowing of more exact crystal lographical, optical, 
and chemical investigation. 

( 'UYSTALLOGRAPHICAL DETERMINATIONS. — The first of the speci- 
mens above mentioned, which we will designate specimen A, is about 
8x5x2^*™ in size, is somewhat more coarsely granular than the variety 
just described, and possesses in an eminent degree the regular structure 
there observed. While compact in the greater part of the spetjimen, 
there are portions in which the grains are more loosely aggregattnl to- 
gether, and parts of individuals have perfectly developed crystal face^. 
In some minute cavities a few crystals with quite perfect terminations 
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were found, and apon tbese some faces were sufficiently large and pol- 
ished to admit of measurements with a Fuess reflection goniometer. 
These crystals are about 1°^°* long and nearly the same in thickness. 
They show oo P, P, with subordinate — P, and a negative pyramid 

determined^ as — 3 P 3. They are all twinned parallel to oo P 65, and 
the low projecting angle upon P is sometimes distinctly visible. 

The angles given in the following table are all means of numerous 
closely agreeing measurements and demonstrate the crystallographical 
identity of the mineral under discussion with pachnolite: 



Asfle. 


Crystal a. 


Crystal b. 


Other crystals. 


Calonlated. 


00 P A ooP 

00 P A OP 


O 1 

81 10 


O 1 

81 22 

00 21 

116 30 


o / 

81 18 

00 21 

116 30 

188 45 


O ' II 

81 24 
00 20 


-Pa op 




116 8U 


-8P3A— 8P3 


138 45 

140 03 


138 52 14 


— 3I^A ocP 




140 07 10 


OP A OP (twin) 


170 21 




170 20 






. 





The face— 3P3 was observed on a number of distinct twin crystals, 
with projecting angle on OP, and in several cases on both of the nega- 
tive angles. 

Upon one side of specimen A are a few thomsenolite crystals, distin- 
guishable by their prism angle of nearly 90^. They lie irregularly, and 
seem to be later in formation thati the pachnolite. Upon them are de- 
posited minute prosopite crystals and indistinct alteration products. In 
tile mass of this specimen no thomsenolite can be detected, while all in- 
dividuals with partially free development are plainly pachnolite. Anal- 
ysis XXVIII of the table (p. 54) was made upon material obtained from 
the clear loosely granular portions of specimen A, and although ic was 
necessary to include many transparent grains of irregular shapo, in order 
to obtsiin a desirable amount of substance, there is no doubt in our own 
minds that thomsenolite was wholly nbseut from the material analyzed. 

The second specimen, B. from which especially good material was ob- 
tained, had a seam 2*=*° thick of coarse granular structure running through 
it, and upon splitting it open along this seam two surfaces of water- 
dear loosely adhering crystalline grains of pachnolite were exposed 
with the regular arrangement described. Actnal development of cry^^t al 
faces other than the prism is rarer than in specimen A, but the size of 
the grains, reaching 5""" in length by 1 — 3""" in thickness, is such as to 
admit of the preparation of thin sections for optical examination, and 
also gave absolutely pure material for ithemical analysis. None of tlh^ 
crystals upon which the faces were well formed were superior to tlioN** 
of specimen A, and only measurements of the prism angles were niad<*. 

The face— 3P3 was not observed at all. 

The optic^il properties of these pachnolite crystals are .such as to 
leave no doubt concerning their crystallographical identity with tUii 
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mineral described by Professor Grotli as pachnolite. Sevend sections 
were prepared as Dearly parallel to the clinopiDacoid as i)ossible* Tbese 
exhibit iu all cases a twin structure, aud this is frequently polysynthetie. 
The twinning lines are straight and lie parallel to the vertical axisc 
Extinction takes place at 21^ 30" to 22o, or 68o to 68o 3(K from the twin 
ning line, in opposed directions in alternate larainsB. According to 
Groth the bisectrix is in the plane of symmetry, and inclined QSP 5' for- 
ward from the vertical axis. Sections parallel to the base also show 
the twinning structure, the line lying parallel to the orthodiagonal. 

A large part of the purest crystals and fragments from this 8i>er2]n4*ii 
were used for chemical analysis and repeated water determinations, the 
results of which are given below (XXIX, p. 54). 

Chemical Investigation. — Previous to the analysis by llnuidl" of 
pachnolite carefully selected by Oroth, pachnolite nnd thomsenolite 
were considered to possess the same chemical comi>o8ition. The results 
of all earlier analyses, excluding such as referred to manifestly very 
impure material, while frequently deviating materially from the figures 
required by theory for the formula NaF, CaFj, AIF3, H,0, still agn»e on 
the whole very, well, as shown in the accompanying table, and fully 
justified the belief in the chemical identity of the two species. 



Al.. 
C».. 

N».. 

HsO 

F... 



Thomsenolite. 



W6Uer.> 



KoDig.i 



Knop." 



E5oig.*> 



Piichnolite. 



Vom Rath " 



Hagf- 



13 43 
17.84 
10.75 
&20 
49.78 



100.00 



13.74 

16.70 

10.10 

9.00 


13.14 

17 25 

*12. 16 

9.GU 

50.70 


12.50 
18.17 
10.23 
8.19 
51.54 


13.46 
18.10 
10. C3 


12.93 
17.09 

12 06 


10.37 
17.44 
l-».04 
8.63 
51.15 


50.87 










100.00 


102.94 


lUO. G3 






99.63 



CalcBLited 

B, forNrtP, 

niann." CaKy. AlFs, 
II .0 



12.32 
17.98 
in. 34 
8 10 
51.26 



100.00 



* Also, 10.80 aud 10.81. 

Wohler's analysis was entirely confirmed some years subsequently by 
Jannasch,^ in Gottingeu, who analyzed pure thomsenolite selected by 

Klein. 

In view of the above, the analysis (jf pachnolite by Brandl, showing 
results agreeing well with those required by the formula NaF, CnF.2, 
AIF3, was calculated to cause no little surprise. Groth accepts without 
question the anhydrous nature of pachnolite, and endeavors to explain 



■"♦Anualen der Cheoiie iiud Pharmacie, CCXIII, p (>. 

'^'Neues Jahrbucb fiir Mineralogic, etc., 1^76, p. 851. 

3oProceediug8 Acad. Sci. of Phila., 1876, p. 4-2. 

=*^ Annaleu der Chemie und Pharinacic, CXXVII, p. 61. 

*-Sitzungsbericht d. niederrheiu. Ges. lilr Natiir.- ond Heilkimde, 186(), XX, p. 141. 

^Am. Jour. Sci., Mifi, II, XLI, p. 119. 

**NeuP3 Jabrboch fiir Miueralogie, etc., 1877, p. 808. 
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away the opposing evidence, shovn io ttie foregoiog table, by assnming 
ibattbu supposed bomogeoeoaB material analyzed was coutamiuated 
birgely nith tbomsfiuolite. As in no pubtisbed analysis does the per- 
centage of water full bt'low 7 per cent., tbis assumption necesHitates a 
most improbtible admixture of tbomseuolitc. In those cases where the 
percentage of water eQnnIs or exceeds that rcipiired for tbomsenolite 
the presence of gearksutito is snggested by Groth as a possible expla- 
natioD. Kven on this suppositiou the jiercentage of foreign admixtore 
coald not fall below 50 per cent., in which extreme case the whole of the 
imparity mast be gearksutite, an amount which it is difficult to conceive 
should have escaped the notice of such observers us Kooig, vom Bath, 
and Knop, the latter of whom expressly says that bis analysis wa& 
made upon material identified as pacbnolite.^ NutwillicitaDiling the 
difficolty of ex]dainiiig the agiveinfut between ibe previous analyses of 
pachnolite and thoiiiseuolite, on the us'^nrnption of the anhydrous nature 
of the former, tbe correctness of Rrnudl's analysis was not at first ques- 
tioned by as. 

In the course of the present investigation the compact bluish mate- 
rial (see page 60), baving the si>eciflo gravity 3.980 at 22° C, was first 
analyzed, the crystalline pacliuolitc not having yet been observed. The 
results of analysis as given undir XXVI, below, agree in the main so 
well with the figures required lor the formula NaF, CaFi, All's, H,0, that 
uo hesitation was felt in considering the mineral to be tfaomsenolite, 
probably slightly contaminated with fluorite. Later, the crystalline 
coating on the thin walls produced by the first uio<lo of alteration of the 
cryolite, the crystals forming which had not yet been identified orystal- 
logfivphivally at* pachuolite, were subjected to analysis with tbe results 
given under XXVII. Rere again the identity with thomaenolite seemed 
clear. It was not nntil tbe analysis of perfectly transparent fresh crys- 
tals and crystal fragments, all taken from specimen A, above described, 
gave the results shown under XXVIII, that the possibility of the first 
analyses having been also made upon pachnolit« was suggested. That 
tbia was, however, so in the case of'No. XXVI I, subsequent careful ex- 
amination fully revetiled, though the crystals analyzed were notentirely 
free fh>m foreign admixture. It seems certain, also, that the compact 
bluish portions (XXVI) consist almost entirely of pachuolite, although 
it cannot be positively asiierte<t that »ome thomsenolite may not be iu- 
tergrowu with it. That no possible doubt, might exist in the mind of 
anyone as to the homogeneity of the material used for analysis XXVTII, 
a farther nnalysis was made upon crystals from specimen B, above de- 
scribed, particular care being taken to identify each as pnchnolite by 
the rhombic section. The results of tbis analysis appear under XXIX. 



"NenM Jahrbnch fUr Minenlogie, etc., 1S76, p. KD. 
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0.18 
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51.85 




1 


1 


















90.88 
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100.00 


99.76 
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« 



*By difference. 

. Further determination a of water, on material from specimen B, gave 
7.95, 7.09, 8.14, nud 8.15 per cent Still other determinations, some on 
material every fragment of which showed the rhombic section, others 
on material taken at random from the crystalline mass, gave results be- 
tween 7.90 and 8.20 per cent. The specific gravity at 17^0. of the per- 
fectly pure material, as the mean of four determinations varying be- 
tween 2.963 and 2.968, was 2.965. A single determination on another 
portion^ equally pure, at 22oO. gave 2.962. The transparent orystals, 
as well as all the other portions analyzed decrepitated violently on heat- 
ing in a test tube, the walls became lined with the white deposit kg 
characteristic of thomsenolite and pachnolite, and much water was 
given off. Hence it appears that the pachnolite from Pike's Peak and 
thomsenolite are identical in composition, unless the fact of all analy- 
ses of thomsenolite showing slightly more water than required for the 
formula NaF, CaF2, AIF3, H2O may indicate, as suggested b\ Groth, a 
partial replacement of fluorine b.v hydroxy 1 in that luiueial. Should 
this prove to be the case, a plausible explanation of the difference in 
crystallization of the two minerals is ottered without recourse to the 
theory of dimorphism. 

A satisfactory explanation of Brandl's results, so oi)po8ed to those 
presented by all earlier analyses and the ones above given, is impossi- 
ble, but it may be well to call attention to the fact that Brandl wos 
obliged to make his determinations of fluorine and the metals upon 
quantities of 0.1106 gr. and 0.1430 gr. weight respectively, whereas mate- 
rial was not wanting for the present analyses, the deternunations having 
been made upon weights of from 0.3 gr. to 0.75 gr. It nowlieri* appeals 
that a direct test for water was made upon the material furnished by 
Groth. The latter, it is true, remarks (/. c. p. 4GI): ^^'Atusstrdem bildet , 
sich hex letzterem (Thomsenolite) in den kaltercn Ihcllen den liohre.s cin 
Wdsserbeschla^^ welclier beim Erhitzen rtitun Fachnolithea naiiirUch 
ausbleibt^ The absence of water does not, however, seem to be 
hereby proven, but simply to be assumed from the close apjiroxima- 
tion to 100 of BraudPs results, exclusive of water. Brandl himself says 
water is wanting, but does not mention whether this was ascertained 

*»Aiinalen der Chemio und Pharmacie, CCXIII, p. 6. The percentage of Al is Cftl- 
fepulated to correspond with the other analyses (Al=27). 
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by direct experiment. The small amount of material at his disposal 
reudera it not improbable that no direct test was made. 

Since the conclusion of the above investigations, through the kind- 
ness of Mr. Albert F. Damon, president of the Pennsylvania Salt Manu- 
facturing Company, we have obtained specimens of Greenland cryolite 
and its alteration products. From one of these specimens was removed 
a large number of small, needle-like, pyramidally terminated, twinned 
crystals with a rhombic prismatic section, showing in fact precisely the 
common occurrence^ and ordinary habit of pachnolite^ as described 
by Groth. These crystals, slightly yellowish in color, but quite trans- 
parent, were individually examined under the microscope, all such as 
did not show beyond a doubt the above described habit being excluded. 
They were then tested in a small glass tube for water. Decrepitation 
ensued on heating and the ifalls of the tube became lined with a white 
powder, and also with a deposit of water, in such quantity as to preclude 
the possibility of its liaving been derived from but a small portion of the 
material experimented upon. 

Other Forms op Paohnolite. — In some very cellnlar specimens, 
whose walls run irregularly and seemingly without reference to the 
cleavage of the original cryolite, are crystals of pachnolite of different 
habit from that so far described. 

One or two of these cavities show crystals corresponding in size to 
those upon the thin walls, but exhibiting each and everyone a re-enter- 
ing angle on the free termination. In such little crystals the basal planes 
are prominent, and they are bounded on the inside by a pyramid and 
dome, doubtless — P and — Pqc. Outward there sometimes appears 
another pyramid (+PY), though the prismatic faces themselves usually 
form a sharp edge with OP. All these crystals are too small for measure- 
ment, but as the appearance described is such as would be normal for 
the termination by which the twin crystals are commonly attached, it 
8eems a<lmissible to consider the faces as OP, — P, — P ob and probably 
+ P. On many twins of this kind the outer or positive angles between 

X P and OP are replaced by two fa<;es greatly resembling those of— 3P 3, 
and although entirely too minute for measurement it is probable that 

this form — 3P3 is here represented. The crystals of Greenland pachno- 
lite are always attached by the end with the re-entering angle, accord- 
ing to Groth. 

THOMSENOIilTB. 

OoGURRENGE AND Desoription. — While it Is qulte certain that thom- 
senolite is present in small quantity with the pachnolite, it has been im- 
]>ossib1e to obtain any quantity of it for examination. The microscop- 
ical stndy of the minute crystals lining the thin walls described, shows 
a few of nearly t quare section with sharp pyramidal form and destitute 



^ P. Groth, I. c, p. 461. *» P. Groth, I. c, p. 462. 
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of a twin stmctore. These are QBiially deposited with oonespoDdinff 
ones of padhnoljte in a wholly irxegoiar mannw apon the low erff^tSM 
of paohnolite fbiining the main portion of the walle. Tiie tiiBiiOi^ 
enrfiuses of the maealve prodnot show under the lens dlstintitly xkombio 
fitoets or striated planes; and thin seotions, which reveal the diaraMePr 
istic twinning of pachnolite, afford no reason for snspeoting the pfies- 
enoe of thomsenolite here in any considerable quantity. . ' -' 

The statement already made f6r a single case (p. fil) is probal^y tme 
ibr all cases where tiiomsenolite has been noticed, Tis., that it is later 
in formation than tiie greater part of the pachnolite, although the latter 
mineral is usually present in a second generation^ as contemporary with 
the thomsraolite. No chemical identification has been possible^ but the 
nearly square section, perfect basal cleavage, and absence of twinning 
are under the circumstances quite suflSdent proofs. 

In many cavities, arising flrom both modes of decomposition of the 
cryolite, a second series of minerals has been deposited, chiefly as a 
whitish, easily crumbling aggregate of minute crystalline grains, whieh 
are recognisable under the microscope as thomsenolite, paohnolite, and 
a mineral of the isometric system. The difBoxence in habit of Oie former 
two dpedes is here quite plain,*for some of the littie crystals of thom- 
senolite are douUy terminated and show distinct monodinic qrmraetty 
in spite of the square section, through the more prominent devdop- 
ment of the negative pyramid, while pachnolite seems perfidctiy rhombic 
in fi>rm, tiirough its twinning. 

BALSTONITS. 

Probable Identification. — ^This rare species, origlDally described 
by Bnish,^ from microscopic crystals, has been more definitely deter- 
mined by Oroth and Braudl. Its chemical composition is, according to 
Brandl, expressed by the formala 3NaF, 4AIF3, H,0, a small jiart of 
the sodiam being replaced by calcium. The crystals are of the isometric 
system, and repi^sent the cube modified by the octahedron. 

Oroth's description of the occurrence of the mineral agrees veiy 
closely with that of the isometric mineral mentioned above as appearing 
with a recent generation of thomsenolite and pachnolite. The crystals 
here found are transparent cabes whose corners are replaced by small 
octahedron faces and seldom reach a diameter of l™*", while sinking to 
microscopic size. Some crystals of pachnolite seem by a low magnify- 
ing power to' be coated by a crystalline dust whose particles are found, 
by applying a high power, to be most perfect little crystals of the fonii 
just mentioned. These sometimes anite to form a crust. Ko material 
for a chemical test couM be secured, but the analogy in form and occur- 
rence is so complete that scarcely a doubt can exist of the identity of 
these beautiful little crystals with the species ralstonite, although an- 
otiier mineral of the same crystal system is now to be described. 

» G. J. Brush, Am. Jour. Sci., Ill, II, 30, 1871. 

(274) 



CU058 AKD UILLKBRAND.J 



ELPASOLITE. 



57 



EI^PASOLITE, A NEW MINERAX. 

Just at the close of our investigations a mineral was found, occurring 
sparingly in a few specimens, which seems to be very different from any 
known species. It was found in small cavities in the massive pachno- 
lite as a compact irregular mass, colorless but not perfectly clear, and 
exhibiting but seldom traces of crystalline form. In one specimen, bow- 
ever, the mass of the mineral was covered by small rounded crystal-like 
]>rojections, which seemed like crystals of the isometric system. An ex- 
nmination with a loupe showed the absence of recognizable faces, but 
such particles when broken off and tested under the microscope proved 
to be fully isotropic A few faces found on one crystal seemed to belong 
to cube and octahedron, and particles detached from the same are iso- 
tropic in action in polarized light. Supposing that this substance must 
be ralstonite in exceptional development, enough material for the fol- 
lowing partial chemical analysis was selected, being carefully freed from 
sittached particles of pachnolite and other anisotropic minerals by mi- 
croscopical examination. The Al, Ca, and Mg were accurately deter- 
mined, the K and Na, owing to an unfortunate mishi^p, only approxi- 
mately. No water could be detected by direct test upon a small portion. 
Fljaonue was present in quantity, and the percentage given below is 
calculated on the assumption that the metals are fully combined with it: 



Al. 
Ca. 

M'. 

Na. 
P., 



(W.P.Hmebrand.) 



XXX. 


1L32 
0.72 
0.22 

28.9* 
9.90 

4&98 


9a 08 



From this analysis may be derived a formula analogous to that of 
cryolite, in which about two-thirds of the sodium is replaced by potas- 
sium. 

The imperfections of the above analysis do not allow of definite con- 
clusions as to the composition of the mineral, but it is nevertheless 
widely different from any known mineral species, while the purity of 
the substance is shown by it6 isotropic action in polarized light. Since 
the original description of the mineral^ the locality has been revisited 
in the hope of obtaining more material, but the spot was at the time 
inaccessible, so that we can offer no further data concerning this inter- 
esting new species. We wish to pro]K)se the name elpaaolite for it, from 
the county El Paso, which embraces the greater part of the Pike's Peak 
region. Further investigations as to the properties of the mineral will 
be made as soon as material can be procured. 

«Ain. Jour. Sci., m, XXVI, 283, 1883. 
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Giro AKKS U TiTK. 

General Description. — ^This mineral, first observed by Hage- 
man^^ on compact thomsenolite, and described as earthy and kaolin- 
like in aspect, dall white, opaqne, and of hardness 2, seems to be so rare 
in connection with the Greenland fluorides that no one has had mate- 
rial for further examination. Groth ^ found it in very small quantity 
among the minerals at his disposal, but could not obtain enough for 
analysis. He found, however, that it consisted of very minute micro- 
scopic needles, with oblique extinction, and considers it as undoubtedly 
a definite species. 

Among the minerals from St. Peter's Dome gearksutite is quite 
abundant. It is not formed from other minerals by molecular replace- 
ment, but is deposited Irom solution in cavities ux>on fresh crystals of 
pachnolite, etc. The smaller cavities are sometimes filled by it, and on 
the contact with the quartz it is specially developed. 

In appenninco it corresponds closely to the description of the Green- 
land mineral as given by Dana, the resemblance to the purest, finest 
kaolin being especially remarkable. Examined microscopically, geark- 
sutite is seen to consist, as stated by Groth, of exceedingly minute 
colorless needles, the average length of which is less than 0.02""* and 
the thickness less than 0.002™™, and apparently possessing oblique 
extinction. 

Chemical Inyestioation. — ^Gearksutite was found by Hagemanu 
{L c.) to possess the following composition : 




15.52 
10.25 
2.46 
20.22 
41.18 

98.63 



An examination of the above results shows that the atomic ratio of 
Al:Ca+Na, :F is 1:1:4, instead of 1:1:5, which would represent com- 
plete saturation and require about 12 jkt cent, more fluorine than was 
found. On the assumption that the missing fluorine is replaced in the 
mineral by oxygen or hydroxyl, there should appear a much greater 
loss than the analysis indicates. An error is therefore evident, prob- 
ably in connection with the determination of the fluorine or of the 
water, or both, in consequence of which the construction of a satisfac- 
tory formula has heretofore been impossible. 

The material for the following analyses was first partially crushed, 
then freed from admixed heavier particles of foreign matter by tritu- 
rating in a beaker with water, the impurities falling to the bottom of the 
vessel, while the light gearksutite remained suspended in the liquid 



^» Dana, S.vstom of Mineralogy, 5tli ed., p. 130. 
<- Groth. /. c, pp. 4GO,4Hl. 



AHD HiLUttBAKDl CHEMICAL COMPOSITION OF GEABK8UTITE. 59 



and was removed by decantation. By repeating this operation a great 
many times a product was finally obtained entirely free from all foreign 
admixture. It was allowed to settle completely, the supernatant liquid 
poured off and the residue dried first on the water bath, then at lOO^ 
0. Thorough pulverization of this residue is a difficult matter, as it 
flattens out under the pestle, forming flakes which strongly resist the 
pulverizing action. This is of little moment, however, since the flakes 
are so spongy as to offer no hindrance to attack by sulphuric acid. Two 
analyses were made from the same sample, with the results tabulated 
below. In b sodium and potassium were not determined : 



Al 

Ca 

Na 

K 

H«0 

F 

LoMaaO 



(W. 7. HUlebrand.) 









XXXI. 


a. 


h. 


Mean. 


16.22 
22L20 
0.10 
0.04 
16.54 
42.14 


16.19 
22.82 

16.89 
42.01 


16.20 
22.80 
0.10 
0.04 
16.46 
42.07 


96.38 
4.67 




96.17 
4.83 


100.00 




100.00 



Taking the figures in the third column and combining the fluorine 
with the calcium, sodium, potassium, and, as far as possible, with the 
aluminium, there remains of the latter 5.35 per cent., requiring 4.76 
per cent, of oxygen, an amount agreeing very well with that obtained 
above by difference and making the sum total almost exactly 100: 

22. 30 Ca requires 21. 18 F. 

0. lONa requires 0.08F. 

0.04K requires 0.02 P. 

9. 85 Al requires 20. 79 F. 

10. 11 AUO3 

15. 46 H2O 42. 07 
42.07F 



99.93 



The agreement of the above analysis with that of Hagemann, after 
substituting in the latter for the sodium its equivalent in calcium, is 
very dose, with the single exception of the water. As his analysis was 
manifestly erroneous in some particular, the assumption of the identity 
of gearksutite with the mineral here discussed is fully justified, sup- 
ported as it is by the similarity in occurrence, appearance, and physical 
characteristics. His error would then consist in having obtained from 
4 to 5 per cent, too much water, a result not difficult of explanation in 
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the case of a hydrated flaoride, if do precaation was taken to prevent 
the escai^e ot fluorine. 

Substituting in the mean of analyses a and b fbr sodium and potas- 
sium their equivalent of calcium, and dividing the percentages by the 
atomic weights, the atomic ratio is found to be as given below : 

Al 15.20-^27=0.563 

Ca 22.41-1-40=0.560 

H,0 ... 15.46-1-18=0.859 

4.76-^-16=0.297 

F 42.07-4-19=2.214 

The ratio of Al : Ca : F is here nearly as 1 : 1 : 4, the same as found by 
Hagemann. Subtracting from the atomic value for water an amount 
0.297 equal to that for oxygen, in order to form with the latter hydroxyl, 
the result is as given in the first column below, while in the second ap- 
pears the ratio referred to calcium as unity. ^ 

Al 0.563 1.005 

Ca 0.560 1.000 

HaO 0.562 1.004 

HO 0.594 1-^1 1 Km/5 

F 2.214 3.954 f^'"^^ 

It will be seen that by combining hydroxy] and fluorine the ratio 
Al : Ca : H^O : (F,OH) is 1 : 1 : 1 : 5, and the formula for the mineral becomes 
CaF2, A1(F, 0H)3, H2O, in which the fluorine and hydroxy! combined 
with the aluminium, stand nearly as 2:1. Were the latter proportion 
exactly fulfilled, the formula might be written 3CaF2, 2AIF3, Al(OH)3, 
3H2O, requiring the percentages: Al 15.17, Ca 22.47, F 42.69, O 4.50, 
H2O 15.17=100.00. 

Of the 15.46 per cent, of water found by analysis, 5.35 per cent. ha« 
been considered in the foregoing as basic. While this amount may, on 
theoretical grounds alone, enter into the inner constitution of the min- 
eral as ba^jic water, the remainder cannot, but must be water of crystal- 
lization. That a portion of the water is basic is rendered more than 
probable by the fact that at 300^ C. some is still retained. In this con- 
nection the following experiments were made: 0.5677 gram of the min- 
eral, not, however, from the same sample as that used for analysis, dried 
first at 1000 C. and contained in a platinum crucible, was exposed in an 
air bath during 145 hours to temperatures ranging from lOQo C. to 300^ 
C, the weight being taken at intervals averaging 10 hours each. The 
results in brief showed that at 145^ C. the loss was but 0.35 per cent., at 
230O C. only 0.92 per cent., at 250° C. 7.02 per cent., after prolonged heat- 
ing at 265O-270O C. 9.49 per cent., and at 295o C. 13.92 per cent. As no 
further loss occurre^l after six hours heating at 295O-300o C., a portion 

I of the residue which still retained its original appearance was subjected 
EO a quantitative test for water, of which 1.76 per cent, was found. 
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This added to tbe 13.92 per cent, driven oft* below 30(P 0. made the 
* total 15.G8 per cent. Since this is slightly higher than the mean of the 
]>revious results, it seemed possible that some flaorine might have es- 
caped. The remainder of the residue was therefore tested quantita- 
tively for fluorine, of which was found 40.60 per cent., thus apparently 
proving the correctness of the surmise. A similar experiment with the 
bame general results was made upon a smaller portion of another sample. 
A comparison of the full results of both experiments showed that by 
sufficiently prolonged heating at approximately 270^ G. all the water of 
crystallization could be driven off; also that by still further heating at 
little if any higher temperature the basic water began to escape, but 
was not entirely expelled even after many hours exposure to a tempera- 
ture of 295O-300O C. 

While these experiments cannot be considered as affording any con- 
clusive proof that the water in this mineral is to be reckoned as water 
of crystallization and basic water in the above given proportions, si uco 
at the point when the last of the former is driven off" by heat some of 
the latter appears also to escape, still the belief that this should be done 
is a natural one and is supported by the fact (which may possibly, how- 
ever, be merely the result of accident) that by so doing the ratio of cal- 
cium to water of crystallization is exactly 1:1, while if all the water is 
assumed to be water of crystallization the ratio is 1:1.534 or 2:3.068. 

BviGTOKiTE.— In the Journal of the Chemical Society for 1883, p. 
140, Walter Flight describes a mineral obtained from the cryolite bed 
of Oreenland. ^^It is made up of a congeries of minute white trans- 
parent crystals, mostly broken up and lying entangled among each other 
in every sort of direction, which gives the mass an appearance of opacity 
much resembling that of kaolin or chalk." 

Chemical analysis showed it to consist of >- 





EqnlTalenta. 


Al le. 28 with F 33. 64= 49.87 

Ca 22. 89 with F2L 27— 43.66 

Va 0. 48 with F 0.83= 0.76 


0.69 
1.12 


94.29 
Water 6.71 


0.68 


100.00 





The flaorine seems to have been calculated for the metals, and the 
water was found by difference. 

From the above data the author obtains the formula 2CaF2, AUFc, 
2HsO)^and, considering the mineral new, names it evigtokite. 

Mr. Flight seems to have overlooked the description of gearksutite in 
Dana^s -System of Mineralogy and Professor G roth's remarks upon the 
same Q. c, pp. 481 and 493), else the very fair agreement of his analyti<;al 
data for the metals with those of Hagemaiin, nnd the similarity of or- 



' Probably a printer'b error. It shoald read MCviY v^, n: ^ ^, 'NX^i^ 
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carTOBoe, appearance, and physical oharacteriBtics of the two 
moat have led to at least a sospioion of their identity. Iheieeanhatdly 
exist a donbt^hat Flight has analysed geaAsatite and that tbe nasoe 
evigtokite is therefore to be dropped. 



OoouBBENOB.— This rare spedes, hitherto nndbservad in sssoolation 
with the cryolite minerals and known only in oonnectiOB with- the till* 
bearing veins of Altenberg in Saxony, has been identified at St-^ Petav^ 
Dome. 

Both of the coarsely erystaUine specimens of pachnolite, abcyrade* 
scribed as A and B, have prosopite npon them. Specimen B is in paiia 
in process of alteration to a dnll white snbstance with little eavitieaiA 
which are minnte crystals of prosopite. These are colorless, tifuiapar* 
ent, tabnlar in shape, agreeing exactly in Ibnn and optical bMiavioff 
witii those determined as prosopite by chemical analysis. In two other 
8|iectmens of pachnolite prosopite tablets may be seen npon {sortain 
grauaUr sarfiu»s when decomposition of Uie pachnolite has iibeady 
began. The crystals are nsnally attached by. the prismatto edges, 
althoagh free and perfect terminations are to be fonnd^ Oearkaatite 
was noticed npon them in one specimen and the position of prosopite 
in the series of hydrons flnorides is donbtless between thomsenolita 
and gearksntite. No material for chemical tests conld be proenred firom 
the Specimens described. 

The penetration of the fluoride moss by astrophyllite blades spring- 
iiig from the side of the vein has been mentioned (p. 42). Here the 
cryolite has been altered to cellular pachnolite^ according to the first 
iuo4le described, and this has for the greater part given way to other 
products aud been dissolved and carried away, leaving the astrophyl- 
lite blades more or less free or imbedded in gearksutite and other 
soft, crumbling material. The tVee blades usually have a coating com 
]K)8ed of a little purplish fluorite, and over this a nearly colorless or 
slightly yellowish substance. At and toward the base of the astrophyl- 
lite blades the latter is present in roundish aggregates made up, as 
shown by the lens, of clear tablets, in more or less radiate arrangement 
The crystal form is here quite obscure, but the general appearance was 
80 suggestive of prosopite that by sacrificing the best specimen enough 
material was obtained for determination of the bases and of fluorine, 
with the result given below, XXX 71, p. 64. 

Adjoiuing the quartz in the Eureka mine is usually an irregular zone 
of purplish or greeuish fluorite, and next to this a rather coarsely gran- 
ular mass of a colorless mineral, with two distinct cleavage planes, 
which passes gradually into the compact white substance beyond. This 
zonal arrangement is not without exceptions, for both granular and 
compact masses come directly in contact with the quartz in some speci- 
mens, and fluorite is more or less abundantly sprinkled through the 
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other sabstances ; in fact, the relation of the minerals to each other is 
Hnch as to indicate that they are bat different phases of alteration from 
a couimon source. The g^nular mineral occurs in sofficient purity to 
sifford material for chemical analysis, and its individuals are large 
euough to admit of the preparation of thin sections, with definjite rela- 
tions to the cleavage planes. The analysis first proved the identity of 
this mineral with prosopite, the optical properties shown by the thin 
section confirmed this determination, and a few minute crystals were 
found in one specimen, which agree with the published d%ta on the 
Saxon mineral. As the identification of this rare species, particularly 
in im presetit association, is a matter of considerable interest, we will 
describe it somewhat in detail. 

Ce YSTALLINE FoBM AND PHYSICAL Propbetibs.— The miuutc Crys- 
tals observed are all of the habit shown in Fig. 11 of the plate. This is 
from a camera lucida drawing of a crystal measuring 0.5"^ normal to 
the edge of the prism, and can therefore make no pretensions to crys- 
tallographic accuracy. The crystals are colorless and transparent, have 
nniformly a tabular form through the development of oo P ob , and show 
painlfy the prism and two pyramids, which may be considered as P and 

— 2 P 2, for extinction takes place nearly or quite parallel to the edge of 

— 2 P 2, which is, according to Des Oloizeaux^ and Groth,^ the position 
of the bisectrix. 

Tliin sections prepared as nearly as possible perpendicular to the 
edge of the two cleavage faces in the irregular granular individuals, 
show that the angle of the cleavage planes is very nearly 135^^ and 
that extinction takes place parallel to the direction bisecting that angle. 
This behavior agrees perfectly with the statements concerning proso- 
pite, according to which the chief cleavage is parallel to — 2 P 2, the 
angle of which is about 134^. The present material does not allow of 
a definite settlement of the question of the crystalline form of proso- 
jiite, but nothing observed is in conflict with the reference to the mono- 
ciiuio system. 

Chemical Investigation.— The formYila deduced by Brandl*^ for 
prosopite, from the results of his analysis as here given — 



• 


- 


Atomio 
Tallies. 


F 


85.01 
28.37 
18.19 
0.11 
0.88 
12.41 
12.58 


1.842 
0.868 
0.405 
0.004 
0.0U 
0.089 
0.786 


Al 


Ca 

M« 


Na... ..:::::::...: 


HdO 


tr«^ 

IiOM as oxYffen 




100.00 



^ Bun. Soc. Min. de Fr., V, 317. 

*» I, c, p. 290. 

^AnnaleD der Chemie nnd Pharmaoie, CCXin, p. 13. 
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is Ca Fa, 2A1 (F,OH)3. The whole of the water is assamed to be basic, 
entering with oxygen into the constitution of the mineral as hydroxy!, 
the latter replacing an equivalent amount of fluorine. In support of this 
assumption Brandl mentions that no loss is x)ereeptible below 260o G. 

In an earlier partial analysis Scbeerer (Pogg. Ann., GI, p. 361) found 
Al 22.77, Ga 16.41, H,0 15.60. 

Of the analyses tabulated below, those under XXXII, XXXIII, 
XXXIY, and XXXV were made upon material from vein B. That ana- 
lyzed under XXXII, a and &, was composed of comparatively large 
irregular crystalline pieces showing no visible impurity whatever, haying 
a specific gravity at 23^ G. of 2.880 and a hardness of about 4.5. As 
the ratio Al : Ga differed materially from that of 2:1, required by BrandFs 
formula, it appeared that some foreign matter must be present, conse- 
quently no further determinations were made, as it was hoped better ma- 
terial might be obtained. 

Analysis XXXIII was made upon material separated from quartz, 
zircon, fluorite, and other accompanying minerals, by a solution of iodide 
of mercury in iodide of potassium. The result was a slight improvi*- 
ment, and the analysis was completed. The material for XXXIV was 
picked out carefully by hand with the aid of a lens, but a« the result 
was still unsatisfactory, a farther portion (XXXV), aggregating, how- 
ever, only 0.1022 gram, was selected with the greatest possible care, 
every particle being distinctly crystalline, and showing under the mi- 
croscope no trace of impurity. Here a slight improvement becomes evi- 
dent in the ratio, but as the amount taken for analysis was so extrenaely 
small, it cannot be asserted that the better results may not be due to 
unavoidable errors of analysis. The material for analysis XXXVI was 
derived from the crystals occurring on astrophyllite. This material was, 
however, evidently not quite pure, being opaque and very slightly col- 
ored in part by oxide of iron. The analysis was made merely to prove 
its identity with the prosopite of the other occurrence. 





xxxn. 


X X X m. 


XXXIV. 


XXXV. 


XXXVI. 




a. 


h. 


Al 


21.94 
17.67 


21.68 

17.87 


21.88 

16.92 

0.20 

0.48 


22.13 
17.14 


22.49 

16.80 

0.15 

0.48 


21.64 


Ca 


16.84 


Me 


0.35 


Na..... ::....::.:.. 


••••"••"•• 






0.79 


K 








0. 11 


H»0 






M3.54 
33.14 








F 






33.22 




32.30 


















86.16 
13.84 








Loss as oxytren 






























100.00 








(W. F. HiUebrand.) 













♦ And 13.37. 
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The mean of analyses XXXIl-XXX V is as follows : 



Al 


22.02 
17.28 
0.17 
0.18 
13.46 
33.18 


Cft 


Mff 


Na. :.::::::..: 


HjO 


F 


LoM E8 ozTfren 


8&50 
13. 4L 




100.00 



After subtracting from the fluorine an equivalent for the calcium, 
magnesium, and sodium, and combining the remaiuder with aluminium, 
there remains of the latter 14.39 per cent., requiring 12.79 per cent of 
oxygen, instead of 13.41 i>er cent, found by diflferouce. The atomic 
values appear as follows, after substituting for uiagnesinm and sodium 
an equivalent of calcium : 

Al 22. 02-r27=0. 815 

Ga 17. 98-r-40=0. 449 

F 33.18-7-19=1.746 j 

H,0 . . . . 13. 46-hl8=0. 748 ( ( 3. 293 

O 12. 79-7-16=0. 799 • ^•^') 

The result is unsatisfactory, the ratio of Ca : Al being 1 : 1.81 instead 
of 1 : 2. lu none of the material analyzed was the slightest trace of kao- 
liuization to be observed, nor any other foreign matter. It therefore 
becomes impossible to explain with any degree of certainty the above 
abnormal results. 

The general agreement of all the analyses, the aluminium being 
found too low and the calcium too high in each casp, shows X)retty con- 
clusively that an explanation cannot bo sought for in analytical errors. 

As fluorite occurs here always in uiost intimate association with 
prosopite, and the possibility suggested itself that some of this might be 
so intergrown with the latter as to escape the closest scrutiny, it be- 
came desirable to ascertain what change would be effected in the ratio 
above given by subtr ctiug enough calcium to make the ratio Ca: Al as 
1 : 2, and an equivalent amount of fluoriue. The atomic values then be- 
come: 

Al . ...0.815 2.U0 

Ca 0.408 1.00 

F 1.6G4 » , ,,., 7.87 

HO 1.547r^'^^^ 

which Agree nearly as well for the formula Ca, Alg (F, OH)8 as those 
obtained by Brandl. 
If, instead of the mean of all the analyses, the figures of XXXIII alone 
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are taken for calculations similar to the above, the result i& the same^ 
even a little more closely approximating to the ratio 2:1:8. 

The prosopite is much less readily attacked by sulphuric acid than 
the other fluorides described, and unless the pulverization is very 
thorough a small portion is generally left undecomposed even by boil- 
ing acid. To this fact may possibly be due the deficit of nearly 2 per 
cent, in fluorine, as compared with Brandl's results. On the assumption 
that 35 represents more nearly than 33.18 the true percentage of fluor- 
ine in the mineral analyzed, the ratio of water to required oxygen after 
combining all fluorine is 1 : 1.005, instead of 1.068. Allowing, then, for 
possible admixture of flnoiite as above, the ratio Al:Ca:F+OH is 
2,00 : 1.00 : 7.99, almost exactly 2:1:8. 

The observation made by Bnindl that below 2000 C. no loss i^ weight 
occurs, was found to apply here, provided the exposure to this degree 
of temperature is short. If continued for many hours a slight but sen 
sible loss is observed. 

ZIBCOX. 

General Occurrence. — Zircon is one of the most widely distrib- 
uted minerals of the region, occurring as an associate of nearly all other 
s]>ecies in veins and druses and also impregnating the granite itself. 
Konig*' has described it as an associate of astrophyllite and as inter 
grown with microcline. In its usual form it is brown or nearly black 
in color, and has only the ground pyramid and corresponding prism, 
the latter quite suboidiuate. Konig identified the basal plane OP, 
and it seems to appear in very minute form upon crystals of all modes 
of occurrence though on comparatively few from each place. Some, 
times the zircon crystals are more than an inch in diameter, sacrificing 
perfection to size, as there is commonly more or less distortion of angles 
and unevenness of surfaces in such individuals. 

Zircon fijom the Eureka tunnel. — Reference has already been 
made in describing the occnrrence of cryolite to the mutual relations of 
the different parts of tlie irregular vein into which the Eureka tunnel 
lias been driven. The i)art containing zircon is but small, comparativelj, 
and is sharply detined. It evidently represents a contemporaneous 
formation of quartz, zircon, and microcline. Zircon crystals varying in 
size from less than I""" to 1^"' fire very plentifully and uniformly scat 
tered throughout, while small patches of reddish microcline were also 
included in the more abundant quartz and themselves inclosed numer 
small zircons. The octturrence is noteworthy from the perfection in 
form and the trausi)arency of the zircon. 

The zircon crystals in) bedded in quartz are sometimes perfect, but in 
most cases the formal development has been hindered by the surround 
ing mineral, producini^ striated or distorted faces. These crystals, 



^^G. A. KoniK, Zeitscbrift Hir KrystaUographie, I, 423, 1877. 
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too, are much shattered by the jars of the blasting and the blows neces- 
sary in breaking ap the larger pieces. Those smaller crystals deposited 
in the microdine were able to develop freely and they are now found 
imbedded in pure white kaolinite or a compact yellowish mica — the 
alteration products of the original microcline, some of which is yet visi- 
ble. The nature of the surrounding material has protected these cr^'s- 
tals from jars and also makes it possible to isolate single ones, abso- 
lutely unharme<l, for examination. The color varies from a rich reddish 
brown to a light wine or honey yellow, shade. A few miuute crystals 
are of a deep emerald green and spots of similar color were iiotic(*d in 
some pinkish crystals. While a few are really gems in clearness und 
color, they are usually of the smallest size, and are those found in the 
kaolinite or mica. 

The common habit of all crystals is pyramidal, the prisms being }il 
ways subordinate when they appear. The forms determined with cer- 
tainty are P, 3P, OP, 3P3, ao P and oo P» . The rare face OP is much 
less frequently developed than any of the others, but it was observed 
distinctiy on at least twenty-ftve crystals. Eepeated measurements on 
different crystals of the angle OPaP give results varying less thiin :y 
from the calculated value (ISTOSO'). Between OP and P is a low pym- 
mid appearing quite constantly with OP, which forms an angle of 
164° 46' with P. This corresponds very nearly to ^P. The angle be- 
tween this form and P is replaced by a curved surface giving an almost 
continuous reflection, but the angle with OP is distinct. P is often 
visible on but one termination, but it is by no means rare to find it upon 
both. 

Ghemical analysis shows this zircon to be exceedingly pure and tht3 
8i>ecific gravity of transparent crystals is 4.709 at 21^ C. 

KAOIiFNTTE. 

The chief alteration product of microcline in the Eureka vein proves 
to he a verj' pure kaolinite. Some of the large individuals are changed 
into a compact white foliate kaolinite in the mass of which the cleavage 
planes of the microcline are still indicated. In other cases a more 
coarsely foliate aggregate is formed, the single leaves of which are beau- 
tifal transparent crystals. 

The smaller patches of microcline deposited in the zircon-bearing 
quartz are also changed into kaolinite or a yellow micaceous mineral 
whose analysis accompanies that of the kaolinite below. Sometimes 
small cavities in the quartz contain single projecting crystals. These 
areexoeedingly thin, colorless, transparent, rhombic leaves, the acute an- 
gle being usually evenly truncated, producing sometimes an almost per- 
fect hexagon. The result of many measurements under the microscope 
seems to indicate that the obtuse angle of the rhomb is slightly less than 
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120O, the best results varying from 118^ 30' to 1190 3(K. The thlnuost 
leaves show distinct action on polarized light and extingaish parallel 
to the diagonals of the rhomb. The thicker crystals are made up of 
many tablets which are asually not perfectly coincident in position and 
sometimes form more or less i>crfect rosettes. The kaolinite possesses 
the composition XXXVII, and the mica XXXVIII, as given below. 
The kaolinite contained a small amonnt of fluorite in almost micro- 
scopic crystals, the quantity being calculated from the Ca found. 



SiOt . 
AlsOi 

H»o . 

CaFt. 



<W. F. Hillebnuid.) 



XXXVIL 



a. 



4S.91 

39.65 

13.77 

0.68 



100.01 



b. Mean. 



46.22 ' 
39.62 



46.06 

30.63 

13.77 

0.68 



100.14 



XXXVIII. 



SiOi. 

AhOs 

FctOt 

CaO . 

MrO 

KtO 

Na»0 

H,0.. 



(W. F. HillcbraDd ) 



52.50 
29.72 
1.40 
0.26 
2.13 
8.33 
0,M 
4.39 



*99.31 



*The presenoe or absence of fluorine waa not ascertained. 

Oxygen ratio of XXXVII : 

AljOs : SiOi : H,0. 
3.05 : 4.01 : 2.02. 

The kaolinite has nearly the theoretical composition, while the mica 
is probably a variety of muscovite. 



PHEXACITK. 

From Crystal Park. — This mineral was first identified from two 
crystals found in association with topaz in Crystal Park, near Manitou. 
Subsequent search revealed a number of others at the same p^ace, but 
as they are inferior to those originally described*" no new data can 
be given of this occurrence. The crystals found are but fragments, 
representing in each case somewhat less than half of the com])lete erys 
tal. Fig. 12 of the plate represents one crystal in about the natural 
size; another measures nearly 7*^"' in longest diameter, and has the 
same faces developed in similar nvanner. In no crystal do any faces of 
the vertical zone appear, thus i)roducing a tlat lenticular habitus. The 
forms ai)pearing have been identified as K, — Hi, — li and §P2, and al- 
though the faces are too rough to adnjit of* exact measurements with 
the feflecticni-goniometer, the size of the faces and their simple devel- 



*8Aiu. Jour. Sci., Ill, XXIV, p. 282, October, 1882. 
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opment render snfflcieDtly accurate resalts with the haud instrument 
possible. The angles obtained as means of several measurements arc : 




Crystol a (Fig.) 



R A R (terminal) ... 

R AR(latAnl) 

R A -IR (over |P2) 

R AfP2 

R A-R 

j^il?::.::;:::::: 



|P2A-iR 



fP2A|P2 



148 80 

150 46 

74 80 

143-144 00 



168 11 
156 40 



Crystal 6. 


/ 

116 20 

63 00 : 

148 50 

150 58 

74 40 


163 43 



168 50 
156 00 



Aathorities. 


o / // 

116 86 (D) 
63 24 (S) 
148 18 (D) 
150 56 (DAS) 



74 42 45 (8) 



144 1 
103 32 
108 22 
156 44 



26 
2 

(S) 
(D&S) 



The figures of the third column are the calculated angles given for 
phcnacite by Dana^^or Seligmauu,^ or else our own calculations based 
on the theoretical values given by them. The agreement between the 
angles measured on these crystals and the theoretical ones is sufficiently 
close to justify the signs given to the faces of the figures. In the de- 
velopment of the different forms K and— JB are always prominent, 
while the faces of j|P2 are variable. One face of § P2 on crystal b is 
2.5*^*" broad, although usually each face of — JiJ is broader than both 
adjoining faces of § P2 ; — B is subordinate and the faces are quite rough ; 
§ P 2 appears with its full complement of faces. The roughness of 
the faces is in part caused by striae, which on — ^ B and § P2 run x)aral- 
lei to the terminal edge of B replaced by those faces. On B the mark- 
ings ar<^ less distinct. These striae and partially regular depressions 
0eem like natural etching figures, and bring out the rhombohedral sym- 
metry of the mineral very plainly. 

The crystallographical determination of these minerals as phenacite is 
confirmed by all the physical characteristics as far as observed and by 
the chemical composition. There is an imi)erfect cleavage parallel to 
OD P2. Both crystals are clear and colorless, resembling quartz, and 
the hardness is nearly or quite 8. The specific gravity of the crystal 
figured, though containing some impurities, is 2.967 at 23<^ C 

Phenacite from near Florissant. — Another occurrence of phe- 
nacite was discovered during the summer of 1884, near Florissant, in 
association with the topaz crystals described later on. The crystals 
here are small, colorless, of lenticular form, and are deposited upon or 
slightly embedded in amazon stone crystals, in the same manner as the 
topaz, which is often present side by side with the phenacite. Kone 
seen exceed 5^^ in diameter, and crystals of this size in one case form 
an almost continuous crust upon the surface of a feldspar crystal. More 
commonly they are attached by an edge, although occasionally in all 
other positions. 

^Dana, System of Mineralogy, 5th ed., p. 263. 

M'G. Seligmann, in Neaes Jahrbnch fUr Mineralogie, etc., 1880, I, 129. 
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These small crystals, while preserving the lentioolar form of those 
from the first locality, exhibit a development of several new fiices. These 
can be determined with considerable certainty by a reference to the ar- 
ticle by Seligmaun, renewing the crystallography of the species.*^ All 
the present forms are mentioned by him as occnrring with very nearly 
the same relative development npon the phenacite irom the Hmen 
Mountains, in the Urals. The zonal relations are almost sufficient to 
determine the new faces, although measurements were made to insure 
accuracy. 

The new forms observed are : — 2R, seen in a few crystals in good de- 
velopment; — ^B3, which appears prominently with six nearly equal 
faces ; B3, of which only three faces were found on any crystal, and 
which is often not developed at all ; oo B and oo P2, appearing as very 
narrow faces, which do not produce a prismatic habit in any ca^ and 
are often wanting. A narrow face sometimes seen between E and — JIt3 
is probably |P2." 

TOPAZ. 

Within the past two years topaz has been found in several places 
wfthin the Pike's Pciik region, and we can supplement our original no- 
^tice" of the mineral quite materially. 

Topaz has been found in Crystal ]Park, south of Manilou, in a cavity 
containing feldspars, smoky quartz, zircon, and phenacite; at the main 
amazon stone locality near Florissant, about 12 miles northwest from 
Pike's Peak; and, more plentifully and in better form than elsewhere, 
on Devil's Head Mountain (Platte Mountain), north of Pike's Peak 
about 30 miles. 

Crystal Park. — Of the few crystals found in this locality the most 
perfect one measures 2.5*^". parallel to the verticnl axis, 3.3®". parallel to 
the bracby axis, and 2.8°'". parallel to the macro axis. It is colorless and 
some parts of the crystal are very clear. The prisms oo P and » t2 
are well developed. The terminations are drusy, although many of the 
prominences are large enough to admit of the determination of some of 
the faces which bound them. The pyramid 2P has been recognized 
with certainty, while a form between f P and P, which is probably |P, 
Hnd another pyramid near 2f*4 are also present. Measurements of suffi- 
cient accuracy tor the calculation of these latter forms could not be ob- 
tained. The lateral edges of these pyramidal prominences lie in a plane 
corresponding to the brachydome 2f oo , and although that form does 
not actually appear, the crystal has a domatic habit. A rough face of 
4t 00 is present quite distinctly. While one terminal ion is more perfect 



*»G. Seligraann. ** Krystallographischo Notizen, I," Nenes Jahrbuch fUr Minera- 
logie, etc., 1880, I, 129. 

**An announcement of this locality was made by W. E. HiddeD^ Am. Jour. Sci., 
March, 1885, received after this article was written. 

» Am. Jour. Sci., Ill, XXIV, p. 282, 1882. 
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than the other, both are alike. Not more than a dozen crystals have 
been found in this locality. 

Flobissant. — ^The first specimen identified from Florissant is mainly 
noteworthy on account of the enormoas size of the original crystal from 
which it came. This specimen is bat a comer of a large crystal, the 
forms appearing being two faces of oo ;P2, one of oo P, and one each of 
2f 00 and 4!^qo • The fragment is aboat 9®*° (3^ in.) in its longest diam- 
eter, and if the other faces were developed to correspond to those here 
seen, the complete crystal must have been nearly or quite one foot in 
diameter parallel to the brachy diagonal. It is clear in parts and has a 
decided greenish tinge. It was supposed to be fluor spar by the origi- 
nal collectors, and the other pieces of the crystal are undoubtedly lost. 

The specific gravity of this fragment is 3.578^ at 22o 0. and it has the 
following composition: 







XXXTX. 




BiOt 


88.15 




AW)i 


57.01 




F 


10.04 




OforF.. 
(W.l 










100.20 
0.75 




f, Hillebnaid.) 






00.45 


Atomic ratio : 




Si : 
1.025 : 


Al,. 
1.000. 





Within a few months a further discovery of topaz has been made near 
Florissant. In this case the crystals were found deposited upon or 
partially imbedded in amazon stone, albite, or limonite (pseudomorph 
after siderite). The crystals seen by us are deposited upon diflEerent 
faces of the microcline and so seldom with any parallelism in position 
that any such coincidence must be considered accidental. In size the 
ciyetals vary from a length of nearly two inches to those which are al- 
most microscopic. They are deposited singly or in groups and are at- 
tached in all positions, so that many of them are quite well terminated 
at both ends. The forms observed are as follows : oo P and oo i^2, both 
polished and striated ; 4f oo , 2:^oo , and ^^oo ; OP ; 2P(x> ; P and |P ; 

00,^00. 

Quite characteristic is the prominent development of the brachydomes 
4^00 and 2^ao , the former in particular, the faces of opposite termina- 
tions often meeting. 4^ao is almost uniformly dull, like ground glass, 
while 2:J^oo is smooth and brilliant, passing into ^Poo or OP by a rough- 
ened line. l-iJ^QO and OP are usually rough through minute irregulari- 
ties bounded by crystal planes. The base is usually very narrow through 
the predbminanoe of the brachydomes, the pyramidal planes and the 
macrodome are quite insignificant when present at all, and oo J^oo is oc- 
c»aionally present as a small, smooth face. No indications of hemi- 
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morphism are uoticeable, altlioiigb tbo faces of opposite ends are seldom 
symmetrically developed. 

Some of the crystals have a decided greenish tinge, although many 
are colorless. 

Topaz from Devil's Head Mountain. — ^The country embracing 
Devil's Head Mountain is composed chiefly of the same granite whicli 
has been described in its occurrence near Pike's Peak, and it contains 
similar druses of microcline, smoky quartz, and other minerals. Thv 
topaz found here is the most noteworthy crystallized species, some of 
the specimens found being probably the best yet discovered in the United 
States. The discoverer, Mr. W. B. Smith, now assistant in the Kooky 
Mountain division of the Survey, has given us a few notes on the man- 
ner of occurrence and associations of the topaz, which are appended to 
this description, p. 73. 

In the American Journal of Science for December, 1883, Rev. B. T. 
Gross, of Denver, published a note announcing the discovery of this 
locality by Mr. Smith. The specimens obtained since that time are 
much superior to those first found, though comparatively few in number. 

Specimens from Devil's Head have found their way into various min- 
eral collections of the country, and as the most noteworthy crystals 
passed through our hands we are able to give some details. All are 
colorless or faintly wine-colored and very clear within, though marred 
by more or less roughened surfaces, often stained by oxide of iron which 
penetrates fissures. Many fragments are suflBciently clear for cutting. 

Three especially fine crystals have been obtained. Of these the one 
with the most polished surfaces, and hence the clearest, weighs 3.5 
ounces, measuring a:b: c=4.d: 4.9: 3<^'". The faces ao P, ao t% 4f*0D, 
^P 00, OP, |P 00, P, and 2P are quite well developed, while oc f 3, oo f x , 
2 Poo, and f P are less prominent or not present in full quota. But 
one termination has definite fiices. 

The second crj^stal weighs 5.5 ounces, and measures i1: b: 6=3.7: 5.5: 
4.6*^™. Clear with dull surfaces. One termination has large OP, with 
a very symetrical development of the faces mentioned above and 2P oo. 
A second termination is formed by one large undulating face, corre- 
sponding to fP, with OP and single faces of 4f* oo and 2P. 

A third crystal weighs Vt'^ ounces and measures il :b : 6 = 4.2 : 5.3 : 
4.5 ^™. It has rather dull surfaces but is clear within, and has a distinct 
wine color. One termination is quite symmetrical, showin;r the planes 
named. 

A number of the smaller crystals are very clear and transparent, 
with beautifully polished surfaces, although it is seldom that all are 
smooth. 

Nearly all crystals from DeviPs Head, Crystal Park, and many from 
Florissant, have been found detached, some being badly broken. The 
same is true of a large portion of the crystals of the accompanying 
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minerals. Movements of the whole mountain mass, as in folding or 
faulting, have probably caused this detachment and fracture of the 
crystals. Particularly noticeable with the topaz, though also observed 
on smoky quartz, is the fact that all these old fracture planes arc 
healed over, so to speak, and are now covered by drusy surfaces ^caused 
by little prominences which are bounded by glistening crystal facets. 
An examination shows that pyramidal planes of both orders ai*e the 
most common, the little elevations resembling those upon 2Pcc above 
described. When the fractured plane is parallel OP there are usuall}' 
a great number of the pits or etching figures also previously noticed. 



APPENDIX. 

NOTES UPON THE OCCUBRENCE OF TOPAZ AT DEVIL,»S HEAD MOUN- 
TAIN, BY W. p. SMITH. 

The name ^^ Devil's Head " was applied many years since to a jagged 
and precipitous mass of granite, rising to a height of 9,348 feet, in the 
Colorado range, some 30 miles north of Pike's Peak. This is the name 
by which it is still known locally, though upon Hayden's Atlas it is 
called *' Platte Mountain." 

The granite forming the mountain is similar to that near Pike's Peak, 
and the minerals found occur in cavities or pockets as in the latter re- 
gion. No extensive pockets of amazon stone, smoky quartz, etc., have 
been found, but a few smaller ones contain a noteworthy association of 
species. 

Topaz. — The pocket in which the topaz was found is of irregular 
shape, being about 50 feet long, from 2 to 15 feet wide, and averaging 
4 feet in depth. Owing to the disintegration of the rock at the sur- 
face many of the crystals had been carried in the dSbris to a consider- 
able distance down the mountain side, and were badly worn and 
broken. 

The topaz occurs in isolated and usually loose crystals, surrounded 
by distorted quartz crystals, of smoky and reddish shades — frequently 
the exact color of the topaz — light green microcline, mamellary radia- 
tions of albite, cleavage masses and compact nodules of mica — proba- 
bly muscovite, although sometimes much altered from the original sub- 
stance. Also, more rarely, cassiterite, goethite, orthitef , fluorite and 
kaolinite occur. Much of the topaz is reddish, though wine-yellow, 
milky blue, and colorless crystals were found. 

All the crystals attached to the gangue were more or less decom- 
])osed, a kaolin like substance being the result. Frequently the ter- 
minal planes and a part of the prism would be found protruding from 
the rock unaltered, while the remainder*of the crystal, running into the 
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albite, iiroqid be oompbeed of alternate layers of t<q[Mtt and kaolin. Mon 
fineqnently, however, the kaolin, instead of being parallel to theoleavage 
planes, occapied carved fissnres mnning inr^|:alarly throagli the topas. 

MiOBOOLms.— This mineral in simple crystals was the oommon spedes 
tn the pocket. Some were very large, measuring 18 inches across. They 
Were nsaally badly fhMtored and feU in pieces on being removed. 13ie 
base, P, of each crystal has a cnrions appearance, owing to the angular 
elevations and depressions that compose the surfiuoe, looking not imlike 
oriental characters cat in reliefl 

ASSiTBRiTS. — ^Twenty«flve or thirty small, irregnlarly -shaped masses 
of this mineral were found embedded in massive albite or quarti. A 
ft^w rude crystals were obtained, one being a little less than an inch iu 
diameter. Only the pyramid is developed. No cassiterite was Ibnnd 
outside of the topaz-bearing cavity. 

Fluobitk. — In the acUacent region a number of interesting ciTstals 
of the chlorophane variety of fluorite were found in a small pocket of 
microcline and smoky quarts. The most perfect crystal is a cnboHMsta- 
hedron, with every ftice well developed. It was found lying loose in the 
cavity and the surfiMse is rough. The color is of a greeniah tinge out- 
wardly, with an included cube of dark purple. 
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rn.-ON THE liUSTRE EXHIBITED BY 8ANIDINE IN €EB- 

TAIX KHYOI.ITE8. 



By Whitman Cross. 



The sanidines of two rhyolites in Colorado, examined by the writer, 
possess a remarkable lustre which is, as far as he can ascertain, unlike 
anything previously described by any other observer. , One of these 
cases has already been briefly noticed in the American Journal of Sci- 
ence for February, 1884. The discovery of a second instance of this 
same lustre, and the results of a comparison with earlier descriptions 
of lustre and'color in feldspar, render a fuller treatment in this place 
desirable. 

Sanidine in Rhyolite fbom Chalk Mountain.- The rhyolite con- 
taining the lustrous Bauidine occurs in a massive body forming the 
greater part of Chalk Mountain, situated upon the continental divide 
at the headwaters of the Arkansas, Ten Mile, and Eagle Rivers, in cen- 
tral Colorado. It is of the type recently defined as nevadite by Messrs. 
Hague and Iddings,'^ and may be characterized as a porphyritic rock, 
showing large glassy sanidine and many smoky qaartz crystals embedded 
in a grayish ground mass, which appears under the lens to be evenly gran- 
ular, and is really so, with the exception of isolated glass particles revealed 
by the microscope. Biotite is but sparingly present. This nevadite is 
one of the most beautiful of rocks, owing to its abundant smoky quartz 
crystals and to the lustrous sanidines about to be described. Chalk 
Mountain lies upon the boundary between the geological maps of the 
Mosquito range and of the Ten-Mile mining district, which are soon to 
be published, with monographic reports, by the U. 8. Geological Survey. 
In both of these works the manner of occurrence and the characteristics 
of the rock will be fully given. 

Many crystals of sanidine in the nevadite exhibit in certain positions 
a delicate or brilliant satin-like lustre. If examined with the aid of a 
lens a faint ]>lay of very delicate colors is seen, while the crystal seems 
white and opaque when looking down upon the lustrous surface in such 
a direction that the lustre itself does not appear. The position of the 
lustrous plane is readily seen to be near that of the orthopinacoid, and 
the extent of the deviation from it is plain when a crystal twinned ac- 

•* Am. JonT.Sci., lU, XX VII, 461, 1S84. 
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cording to the Carlsbad law is observed. By facing the light and re- 
volving such a crystal about its orthoaxis it is foand that the lastroos 
planes of the two Jialves are not coincident, but are inclined at approxi- 
mately 2(P to each other, while evidently lying in or very near the or- 
thodiagonal zone. 

On examining the larger crystals a cleavage parallel to the plane of 
histre is evident, and if an isolated fragment be fractured by a sharp 
blow upon the predominant brachypinacoid many flakes are produced, 
some of which are parallel to OP, while others are parallel to the lus- 
trous surface. Those parallel to OP exhibit under the microscope a very 
fine striation at right angles to the trace of oo P ob , while optical action 
is normal. The flakes parallel to the plane of lustre are found to be 
made up of extremely thin plates, usually rectangular through the de- 
velopment of cleavages parallel to OP and oo P ob . If but a few of 
these plates overlie each other, delicate vaiiegated colors appear in 
ordinary light. By increase in the number of plates the flake becomes 
dull white and opaque. The phenomena are very plainly the familiar 
ones produced by polarization and interference of light in traversing a 
series of thin plates. Transmitted light is soon wholly extinguished by 
a sufficient increase in the number of plates, and reflected light pro- 
duces the lustre seen. 

A parting parallel to this plane can be easily produced with a knife- 
blade in those crystals having a very bright lustre. The separation is 
as sharp and perfect as that parallel to any cleavage plane of the crys- 
tal. By sections parallel to oo P x the position of the plane with ref- 
erence to the axes t\ and 6 is readily determined with approximate cor- 
rectness; but the most satisfactory, aud probably the most accurate, 
nieasiireinents were obtained in tbe following manner: 

At one point in the mountain the uevadite, here unusually coarse- 
grained, was found to contain many small round or irregular druses 
lined by miuute but perfect transparent crystals, cbietiy of sanidino 
and quartz. The quartz crystals are for the most ])art sinii)le diliexa- 
hedrons ; the sanidines thin tablets, which are almost invariably Carls- 
bad twins, with prominent development of the clinopinacoid. Such 
crystals examined under the microscope, as they lie upon the i)redoini 
nant pinaeoidal face, afford a means of determining approximately the 
position of the plane parallel to which the i)arting referred to takes 
place. 

Fi^. 13 of the plate represents one of these crystals, a normal Oarls- 
bad twin, with a third and smaller plate, also in twin position. The 
faces shown in profile are oo P, OF, Px , and 2P*> . From all the out- 
lines and from basal cleavage or irregular fissures run very fine dark lines, 
in uniform direction for each individual of the twin, and penetrating 
varying distances into the crystal. This undoubtedly represents an in- 
cipient stage of that parting which, in some crystals of the rock, oeca- 
■teis the brilliant lustre, for these dark lines do not represent needles of 
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any mineral substance, but air films, upon the fissures, sbowiug the ex- 
tent to which actual partiug has taken place in the direction indicated 
in the remainder of the crystal by the fine, clear striation. As seen from 
the flgtire, the position of the surface is that of a positive hemiortho- 
dome, for the cleavage plates of large crystals show the plane to be at 
right angles to the clinopinacoid. The mean of a number of measure- 
ments in different parts of the crystal places the inclination of the plane 
thus indicated to the vertical axis at 8^ 4(V. Assuming the axial ratio — 

h:b:d = 0.653:1:0.552 and /? = 64. 

as determined by Striiver**, for free crystals of sanidine, the face corre- 
sponds closely to Y- P <» . This would require an angle of 72° 40^ with 
the basal plane, while that measured in the crystal figured was 72^ 53^ 
Of course this cannot be regarded, under the circumstances, as any- 
thing more than an approximate determination. 

The lustre as thus far described is found chiefly in the sanidines of 
the coarser-grained modifications of the rock. Some of the crystals do 
not exhibit the phenomenon distinctly, and in those of the finer-grained 
portions of the mass it is commonly not visible at all. Yet, thin sec- 
tions of such varieties do sometimes show a pale, delicate, bluish color 
in the sanidines, which is like that often seen in labradorite. By close 
examination of sections parallel to the plane of the satiny lustre it is 
frequently found that there are clear and transparent portions which 
do not exhibit the bright lustre, but if the light be properly guarded a 
faint bluish color is seen in these clear portions simultaneously with the 
satin-like lustre in the remainder. After the connection has thus been 
established it becomes easy to see, in most cases, that the blue color, 
seen only in clear and transparent crystals, apx>ears upon the same 
plane which in other cases shows the satiny lustre. 

Sanidine in bh yolite fbom Baoged Mountain. — Since the appear- 
ance of the article describing the lustre of the Chalk Mountain sanidine, 
another and even more striking instance has been brought to the notice 
of the writer, through his friend Mr. R. C. Hills, of Denver, who pre- 
sented him with a sanidine crystal from the rhyolite of Bagged Moun- 
tain, Gunnison County, Colorado, in which the satiny lustre is very 
marked. The crystal in question was several inches in length parallel 
to the clinoaxis, and has a square prismatic form in that direction, 
through the predominant and equal development of qo Fob and OP. 
The brilliant, satiny lustre is exhibited in all its beauty when these 
elongated crystals are fractured transversely, and in the crystal seen 
the fracture is parallel to the lustrous plane itself. According to Mr. 
Hills, this is commonly the case, and large masses of the rock often 
show numerous square sections, reaching 2-3 inches in diameter, each 
possessing the lustre very distinctly. 



"Cited by Teohermak, Lehrbnch der Mineralogie, 1883, p. 455. 
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plained the blae color as dne topolnrication tcom tbin plntea, the yellow 
aod red as caused by nnmeroas included lamelto and microlites of 
mineral sabstances, while the green and violet shades are thoaght to be 
the result of a combination of the blue with the yellow or the red. 
Bensch states, as mentioned above, that the undeveloped cleavage in 
labradorite does not correspond in |)osition to that in adularia^ being 
near the brachypinacoid and variable in different specimens. 

From the above it seems qaite possible that the rectangular bodies 
thought by Brewster to be the cause of the bluish color may have been 
the equivalent of those seen in the sahidine, which indicate the begin- 
ning of the actual parting in the direction of the latent cleavage. 

LuBTBB TTPON OTHBB Sanidines. — In the Microscopical Petrography 
of the Fortietili Parallel (p. 83), Professor Zirkel mentions a ^superb blue 
c lor" as characteristic of the small sanmines in a rhyolite fhmi Ohataya 
Peak, Pah Ute Mountains, Nevada. It is also visible in various rhyolit^s 
east of the point named. The cause of the color is thought unexplaina- 
ble, for ^'no strange particles can be detected, neither needles, nor 
plates, nor grains, nor a dust-like i)owder, nor glass or fluid inclusions." 

An examination of these rhyolites by the writer indicates clearly that 
this phenomenon is simply another instance of that which has been de- 
scribed. The intensity or brilliancy of the color exhibited in some of 
these rocks is quite striking. 

OoNOLUSiON. — ^Tfae phenomenon which has been described does not 
seem comparable with any hitherto recognized property of crystals. It 
seem incorrect to speak of it as ^^ cleavage," for that internal structure 
uianifeKted by the fine basal cleavage of this same si)ecies is accomimuied 
by no such optical action ; nor can the writer recall any snch combina- 
tion in any other mineral. This lamellar strncture is to be considereil 
a9 another of those physical characteristics of minerals, such as cleav- 
age, fracture figures, ^'pM(/2acA€n," etching-figures, twinning produced 
by pressure, etc., which will doubtless remain unexplained until the 
molecular constitution of crystallized bodies is made clear. 
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By Whitman Cboss. 



The nevadite of Chalk MoantaiD, which was described in the pie- 
ceding section, contains in its small drasy cavities another mineral of 
decided interest besides the sanidine. Accompanying the quartz and 
sanidine in the cavities are minate leaflets of biotite, a few ore grains, 
and, in a few druses only, veiy perfect crystals of colorless transparent 
topaz. Usually but a single crystal of topaz is present in one of the 
druses, and that is Jailer and more perfect in development than any 
other. The topaz is attached directly to the waUs of the cavity and 
often bears small tablets of sanidine upon it. The crystals which can 
be recognized as topaz vary from 0.6"™ to 3"™ in length, but it seems 
quite probable that there ai*e some smaller ones indistiDguishable from 
quartz. 

The determination as topaz rests upon the crystalline form which is 
very distinct and is that of common topaz. One crystal measuring 
3"^ in length and 1°*°* in thickness was removed from the rock and its 
angles measured with a Fuess reflection goniometer. This crystal 
presents oo P, qo ^2, and 2!^ oo as the dominant forms ; OP is a narrow 
face and 4J^ oo, 2P oo, 2P, and P are minute, but very distinct. The 
angles measured are as follows : 

ooPAooP 124 16 

00^2 over oo^oD 93 7 

0PA2]^oo IM 80 

OPAP 184 11 

0PA2P 116 56 

2P 00 appears as a very narrow face in the zone of 2P to 2P. This 
is the usual habit, with the occasional addition of oo !^ oo and a more 
prominent development of OP. This crystal is also imperfectly termi- 
nated at the attached end, sbowiug 2^ oo most prominently, with ^P oo 
and 2P also recognizable, and there are no signs of hemimorphism. 

In some druses all crystals are thinly coated by a black incrustation 
which seems to be pyrolusite. 

So fiaur as I can ascertain, all previously known and described occur- 
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rences of topaz are in granite, gnein, or some other member at the 
series of metamorpfaic or cryfltalline schists. In the preooiteaM b^Mi 
Is found in an eruptive rock, probably of early tertiary age, while the 
appearance of the associated minerals certainly saggests that they m^f 
all be sablimation prodncts, tfaoagh it is not capable of direct pxoot 
The sonidine crystals from the dnisee, examined microscopicallf , eon- 
tain gas inelosionB, while neither flnid nor glass indnsions were seen. 
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By W. F. IIillebrand. 



lu the American Ea^^le mine, Tintic uiiuiug district, Utah, occur, in 
intimate association, several minerals, the majority of which, it is be- 
lieve<l, are new to tlie American continent. All the specimens ex- 
amined were o))taiiKMl fniin an ore-heap at the works of the Boston 
and Colorado Smcltin^i^ Company, near Denver, where they were tirst 
observed and thi*ir i»i obable identity established by Mr. Bichanl Pearce, 
mi*fallur;;i>t to the above company. Mon* detailed exaxninatious were 
made in the lal>oratory of the Survey at Denver, as opi>ortnnity offered, 
iu compliance with a <lesire expressed by Mr. Peai^ce. 



OLIVKXITE. 

Becognizable by its dark olive-^jreen and wood-brown color, and by 
it!« crystal form, is olivenite, occurring in a mixture of various brown 
and yellow oxygen salts of ir«>n, copper and calcium. The only planes 
observed, according to Mr. Whitman Cross, belong to the prism and 
brachydome. While line crystals are not of infrequent occurrence, the 
m^jor part of the mineral api>ears in that characteristic brown, compact, 
flbroas state to which it owes its old name of wood-copper. The amount 
of crystallized material available sufficiently pure for a satisfactory 
analysis was very limited on account of the firm adherence of small 
green hemispheres of conichalcite on many of the crystals. Analysis 
gave the following results: 



I 



XL. 



CnO 55.40 ! 

AtflOs 40.05 

P«0« 0.06 ! 

HtO 8.M I 

FeiOi 0.25 ' 

CaO ! o.ie 

ZnO Tiace. 

Quartz 0.40 

M.71 



The ferric oxide of the analysis was derived from a little adhering 
hydnited enpri-ferric arseniate and the calcium and zinc 
tacked conichalcite. The oxygen ratio for CuO : As^ih 
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4.00 : 5.00 : 1.08, instead of 4 : 5 : 1 reqaired by the formala GU3A8SO8+ 
H2CUO2. 

CONICHAIiCITE. 

Covering tbe surface of often large pieces of more or less soft and 
friable mixed aiseniates, souietimes uniting to form a complete coating, 
are innum table beautiful emerald-green semi-translucent globules, 
averaging three-fourths of a millimeter in diameter and showing dis- 
tinct radiate structure when l)roken. Notwithstanding the considerable 
amouut of material from which to select, the obtaining of perfectly 
pure material iu sufficient quantity for analysis was impossible without 
devotiug several days to the work, in consequence of the firm adherence 
of gangue to the flattened base of the globules and of the fact that the 
nucleus of each globule usually consisted of some of the same soft 
gangue matter. The material analyzed was so small in quantity, there- 
fore, that the analytical results can lay no claim to the highest degree 
of accuracy, especially as all estimations had to be made upon the same 
portion. No specific gravity determination was attempted for this 
reason, and also because there were no means of determining the cor- 
rections to be made for small amounts of impurities other than quartz. 



XLI. 


Conichaloite 
from Spain. 


1 

CnO 28.68 

CaO 19.79 

MgO 1 0.54 

ZnO 2.m 

Ac 0. 30 


1 
8L76 
21. S« 
1 


... 1 


AsX), 39. 94 

PjOs 0.14 

VaO* 


30.68 
8.81 
1.78 


H2O 5.52 

Fe,Oa . ' 0. 36 


5.61 


CO* • '0.97 

Qaartz 0. 90 








100.00 


100.00 



* By difference. 

The ferric oxide was derived from attached gangue. The carbon 
dioxide was probably combined witb lime, since a temperature was re- 
quired for its expulsion higher than that at which all the water escaped, 
the latter having been estimated by direct weight. Part of the water 
s»^emod to escape at a much lower temperature than the remainder. 
The silver is not a constituent of the gangue, since none could be found 
in the latter underlying the green coating. It is not present as chloride, 
for nitric acid readilv takes it all into solution ; nor could any native 
silver or sulphide be detected. The only conclusion to be drawn is that 
it exists in the mineral in an oxidized si^ate, presumably as silver arseni- 
ate. 

In appearance and composition this mineral resembles no other than 
conichalcite, found hitherto only in Andalusia, Spain, and represented by 
a single analysis in Dana's System of Mineralogy, p. 563 (quoted above 
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for the sake of comparison). It will be noticed that vanadium is want- 
ing (it was specially looked for) in the mineral from Utah, and phos- 
phonis nearly so ; while zinc, which was not a constituent of the Span- 
ish mineral, here replaces apparently some copper. 

Allowing for the CO2 its equivalent of CaO, the oxygen ratio is as 
follows : 

EO : AsaOs (P2O5) : HjO. 

1.00 : 1.18 :0.4I. or 
4.00 : 4.72 : 1.64. 



instead of 4 : 5 : 1.5 required by the supposed formula (Cu, Ca)3 AsaOs + 
H,Cu02 + iH,0. 

Heated in any manner before the blow-pipe most violent decrepi- 
tation ensues, the entire fragment flying into fine powder. In a closed 
tube, atter decrepitation has ceased, the particles by gentle tapping may 
be made to collect at the bottom as a brown-black spongy mass of great 
volume. This collected on a loop of platinum wire fuses before the 
blow-pipe, at first with a pale bluish coloration of the flame. This be- 
havior accords in a measure with that mentioned in Dana's System of 
Mineralogy {loo. ciU). 

CHENEVIXITE. 

■ 

Thickly scattered in irregular patches throughout some portions of 
such ore as occurs in hard lumps, giving to a broken surface a mottled 
appearance, is a compact greenish opaque body, with little or no lustre, 
which corresponds in composition very well with chenevixite from Corn- 
wall, as represented by one of the two analyses in Dana's System of 
Mineralogy, p. 583. The hardness, however, is lower, being 3.5 instead 
of 4.5, as there given. The color is an olive-green, sometimes shading 
away into a greenish yellow after exposure. The fracture is subcon- 
choidal. 





XLII. 


Cbeneyix> 

ite Arom 

Cornwall. 


a. 


b. 


IfeMi. 


CaO... 
CaO... 
MgO... 

fm0i:. 

AlsO,.. 
AftiOi.. 
P»Oi - . . 


26.41 
0.44 
0.16 

27.87 
0.66 

86.08 


26.21 


26.31 
0.44 
0.16 

27.87 
0.G6 

35.14 


81.70 
0.84 

25.16"* 








35.20 


82.20 
2.80 
&66 


1 HtO . . . 
Qaartz 


0.41 
0.40 


0.25 


9.83 
0.40 






90.93 




00.81 


100.80 





The analysis was made upon air-dried powder, since the latter loses 
about 0.76 per cent, of water even over sulphuric acid, which loss be- 
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comes slightly greater at 10(K> 0., and eontiiiiiaUj incieaseB as the teiQ.* 
peratnre rises. The oxygen ratio 



BO + BA : AssOk :HsO. 
6.0a S&33 :3.86., 

while that of the above-qaoted analysis of the Cornwall mineral is 
6 : 6^ : 3.30 instead of 6 : 6 : 3, as assumed most probable. The material 
now analyzed cimnot with any certainty be regarded as pnre^ henoe the 
deviation from this theoretical ratio is not of great importance. 

Before the blow-pipe the mineral from Utah diflEers from that from 
Cornwall, in that it does not nsnally decrepitate, while in other respects 
the behavior is identical ; it fuses readily, gives off arsenical fiimes, and 
leaves a black magnetic scoria. 

Both chenevixite and conichalcite appear to be generally r^^aided 
as donbtM specieiB, for their names do not figure at all in some of the 
best minersdogical works, bnt it can hardly be questioned now that they 
represent definite species whose precise nature, however, is yet a mat- 
ter for further investigation to reveal 

* 

A HTDB0178 OITPBI-CAIiCIUM ABSBNXATX. 

In rare instances, fine silky white needles have been observed, diiefly 
on conichalcite, but in such small quantity that the only data as to their 
composition are the following determinations made by Mr. Pearce on 
less than a centigram of material : 




* By difference. 

The copper estimation was a failure, but the percentage of CnO was 
judged to be fully 20 per cent. The composition would then seem to 
be near that of conichalcite with the proportions of CuO and CaO re- 
versed, but in view of the wide limits to be allowed for possible error in 
the analysis, further comment in useless. 

JAKOSITE. 

Jarosite in fine transparent brown crystals was observed by Mr. 
Pearce on a few specimens of ore. The identification rests upon partial 
chemical analysis, and more fully upon angle measurements by Mr. 
Whitman Cross. 

THB MASSIVE ORE. 

With jarosite is completed the list of probably distinct species, as far 
as observed, with the exception of one or two others present in too small 
quantity for even qualitative identification. There are, however, cer- 
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tain cbaracteristio components of the ore which seemed to merit exam- 
ination. 

A xK>rtion of the ore is a brown substance, showing nodnlar forms and 
a granular surface when broken and of considerable hardness owing to 
disseminated quartz. Analysis furnished the following results* 



I XLHI. 



Fe«Oi.. 
ALOs.. 
CuO.. 
CaO... 
MgO.. 
KjO . 
NacO.. 
AszOs. 
803... 

n«o... 

Qnarts 



44.22 
0.48 
1.30 
1.33 
0.10 
1.72 
0.48 

20.01 
e.66 

11.02 

12.00 



98.80 



These figures probably represent a mixture of a hydrated ferric-alkali 
sulphate (perhaps jarosite), and one or more hydrated arseniates. 

In places it passes gradually into a brilliant black substance, closely 
resembling jet, and possessing conchoidal fracture, difficult to extract 
even in very small quantity, but having, according to Mr. Pearce, the 
following composition : 



Cub. 
CaO.. 
AiijO. 
Ign.. 




It was subsequently ascertained that the loss on ignition represents 
SO} as well as H^O, hence it is useless to attempt the construction of 
a formula. 

Filling interstices between the nodular forms of the brown mixture 
above described and occurring as an irregular coating on much of the 
ore, there is a soft powder of a bright straw color of which the average 
composition is as follows : 



F©«0t . 
PbO... 
CuO... 
KsO \ 

Nat0 5 
AsfOs. 
P.0,.. 
S0».... 
HjO.. 
Quartz 



XLIV. 



87.84 

18.74 

2.88 

•8.08 

12.22 
0.40 

10.85 
9.39 
8.80 



100.00 



*By difference. 
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The resemblance to certain alteration products of galena and pyrite 
found in several of the Jjeadville mines is striking, and, like some of 
these^ it seems to be a mixture of lead sulphate, jarosite, andhydrated 
ferno arseniate. 

AH of the above-described minerals and mixtures, with exception of 
crystallized jarosite, may sometimes be observed on one and the same 
piece of ore. It is not improbable that furtheriuvestigation at the mine 
itself might bring to light still other minerals belonging to the group 
of hydrous arseniates. 

In this connection it may be mentioned that Mr. Pearce has identi- 
fied pseudomalachite occurring with hilbnerite (see p. 06) iix)m near Phil- 
lipsburg, Montana Territory. According to Mr. Pearce's analysis it 
contains OuO 62.56, P^Os 20.10,H,O 17.34 (by dift^erence). 
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By W. F. HiLLEBRAND. 



LOLLINOITE. 



OCGUBBENOE. — ^The cobaltiferoos and uickeliferous variety of 1511- 
ingite which is to be described occurs at the head of Brush Creek, Gun- 
nison County, Colorado. It has been found in the Luona mine at the 
western base of Teocalli Mountain, and in the American Eagle and 
Horace Porter miiies on White Bock Mountain. The peculiar ore bodies 
of which the loUingite forms a part are irregular masses, the relations 
of which are not yet understood. The investigations of the United 
States Geological Survey, now in progress in Gunnison County, include 
the area of Brush Creek, and these interesting bodies will be carefully 
studied. 

At the Luona mine, according to Mr. J. G. Ridgley, of Denver, the 
lollingite is associated with native silver, proustite, argentite, pyrar- 
gyrite, chalcopyrite, galena, siderite, barite, and calcite, the last three 
composing the gangue. Much of it is decomposed, forming secondary 
oxidized products, most conspicuous among which is erythrite. At the 
other localities smaltite is a common associate. The smaltite analyzed 
by Dr. W. M. lies (Am. Jour, of Sci., Ill, XXIII, 380, 1882) was prob- 
ably from one of the mines on White Bock Mountain. 

Desobiption. — ^The lollingite occurs in compact, massive form, and 
also embedded in barite or siderite, and presents a very striking appear- 
ance on fresh or newly fractured surfaces. There are seen embedded in 
the siderite and barite gangue, steely white forms, about one-eighth of 
an inch in diameter, of pronounced radiate structure, the longer radii 
protruding from the mass and giving the whole a beautiful stellate ap- 
pearance. The star forms occur sometimes single, but more frequently 
joined together in greater or less number without losing in any marked 
degree the peculiar character of the individual. In some specimens the 
appearance approaches that of a dense, homogeneous mass, several inches 
in diameter, but even in the densest portions the radiate structure is 
generally distinctly discernible. 

In order to discover, if possible, a clue to the crystallographic struc- 
ture, and also to obtain material for analysis, specimens were treated 
with hydrochloric acid without previous crushing, whereby the siderite 
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and the arseniates of iron, cobalt, and nickel were entirely dissolved. 
The lollingite remained qnite black on all parts where the gangue had 
been eaten away, but surfaces of previous fracture retained their white 
color. The star like forms were then seen to be composed of a consid- 
erable number of lon;s: flattened ellipsoids, interpenetrating at a com- 
mon centre in every direction. When one of these clusters was broken 
through, the star form appeared on the surface of fracture. The aggre- 
gates were joined together loosely, now that the cementing material had 
been removed, though frequently in large clusters of many hundreds of 
all sizes, from those visible only with the aid of a microscope to others 
an eighth of an inch or more in diameter. 

A microscopical study of the finer part of the material liberated from 
its imprisonment in the gangue, and broken off from the larger pieces 
during the treatment with acid and subsequent washing, furnished 
the solution to the question as to what was the crystallographic 
form of the flattened ellipsoids composing the aggregates, and the law 
of the twinning. The fundamental form is that of lollingite, showing 
only the prism and macrodome, as in Fig. 14." Frequently these two 
forms are equally developed, producing » resemblance to a low pyra- 
mid of the tetragonal system. Very few even of the most minnte 
crystals are perfect in form, and possessed of sufficiently smooth sur- 
faces to allow of even approximate measurement under the microscope. 
Repeated attempts were made to get these in proper position under 
the instrument, but in only one case with comparative success, owing 
to their microscopic size. The angle of the prism was then found to be 
very nearly 122^, that given for lollingite being 122^ 26'. 

Parallel to the combination edge of the prism and macrodome there 
is almost always on the prism a striation (more coarsely marked the 
larger the crystal), caused by the alternate reproduction of the pris- 
matic and domatic faces. Approaching the combination edge the re- 
produced dome face becomes relatively larger than that of the prism, the 
consequence of which is a gradual rounding of the corners and a con- 
traction, and eventual disappearance of a distinct terminal dome, the 
result being, as represented in Fig. 15, an elipsoidal form with a slight 
ridge through the center representing a prism edge. Frequently the 
corners of a crystal, occupying the position of Fig. 14, appear as if 
modified by a brachydome, but no such form has been ol)served, there- 
placement being a straight serrated edge, caused by the same alterna- 
tion of faces as in the case of rounded corners. Even where the macro- 
dome is well developed it generally shows a continuation in some degree 
of the prismatic striation i)arallel to the same combination edge. 

The first step toward the complex twin structure is the formation of 

'^^All the accompanying tiguroH, with the excoptiou of Fig. 14, were drawn by the 
aid of a camora liicida, and therefore make no pretensions to crystallographic accu- 
racy. Fig. 17 is maguilicd about 15 diameters, the others from 40 to 150 diameters. 
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a single twiu, or, rather, trilling, by interpenetration of three single 
crystals having the basal section in common, and a fa/ce of the prism as 
composition face (Fig. 16). A basal section shows a six-rayed star, with 
angles of very nearly 60°, by microscopical measurement, between the 
axes of the rays. In the microscopic trillings one individual frequently 
predominate^s greatly in size over the other two, these appearing often as 
thin leaves, projecting but a short way out of the larger crystal. . These 
trillings are finally found again interpenetrating, not according to any 
recognizable law, but seemingly in every direction, and in indefinite 
numbers, forming thus the complex aggregates first spoken of. All these 
stages of changes in form may be observed with great ease under the 
microscope, the very smallest crystals alone showing crystallographic 
faces well defined. As the crystals, single or twin, increase in size, the 
faces gradually grow more and more indistinct, and finall^^ disappear 
entirely in consequence of increasing striation. 

[Notwithstanding repeated attempts, the basal cleavage mentioned in 
text-books ti» characteristic of lollingite could rarely be produced, and 
no cleavage in any other direction except in the case of the trill- 
ings. Here an individual frequently broke off at the line of union of 
the threes that is, in a plane parallel to the brachypinacoid. 

Aside from the forms distinctly recognizable as lollingite are, however, 
others belonging apparently to two different minerals. The first of 
these became visible on dissolving the gangue, when there came to the 
surface of the acid and the water used for washing out the latter a 
great number of minntabut brilliant metallic particles, which resolved 
themselves, under the loupe, but still better under the microscope, into 
thin leaves or blades, of Which Fig. 17 represents one of the more per- 
fect examples. Its forms appear to consist of two pinacoids of the 
rhombic system, one very broad, the other very narrow, and a terminal 
dome having an angle of almost exactly 90^ by microscopical measure- 
ment. The faces are most brilliantly reflecting. Distinct cleavage was 
not observable. The second mineral, which is almost always micro- 
Acopio in size, is represented in Figs. 18, 19, and 20. The prominent 
form is that of a lengthened prism with an angle of very nearly if not 
quite 90^. Repeated measurements gave values fluctuating between 
SS^ ^nd 92<^ as the extremes. It is terminated at right angles by a 
basal plane, the four comers of which are frequently replaced by faces 
which may be those of a pyramid or two domes, according as the habit 
is pinacoidal or prismatic. The cleavage is parallel to the base. Single 
crystals are rare, two or more being generally seen interpenetrating, as 
in Figs. 18 and 19, generally at an angle of 90^, or united, as in Fig. 20. 
In the latter figure only the outlines, not the faces, of the different hori- 
zontal individuals are shown ; nor do the numerous vertical attach- 
ments present appear. Occasional instances of three prisms crossing 
at right angles like the axes of a rectangular system were observed, 
and also a single instance of the form represented in Fig. 21, where 
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each of the arms showed a domatic face. The uiost striking feature of 
all but the last of these difL'ereut forms is the invariable widening at 
the point of union or intersection, as shown in the figures. 

Ghemioal Composition. — Even an approximate separation of the 
last two minerals described, from each other and from the smallest 
lollingite crystals, was impossible, hence no conclusion could be reached 
as to their quantitative composition. Qualitative tests proved them 
both to be arseniates of cobalt, the square prismatic forms containing 
also iron and nickel. An incomplete quantitative test upon a mixture 
of these three minerals showed a much higher percentage of cobalt 
and nickel than the analysis of the pure lollingite. 

Before the blow-pipe the lollingite furnished the reactions mentioned 
in the text-books, the residue after treatment with charcoal being infus- 
ible, strongly magnetic, and, furthermore, giving the characteristic reac- 
tion for cobalt with fluxes; soluble in nitric acid, giving a pink solu- 
tion. 

Of the analyses given below, XLV was made upon clusters of lolling- 
ite trillings, free, so far as could be determined by the loupe, from 
attached or penetrating blades or prisms of the other two minerals 
described. As a check a small quantity' of the single crystals and trill- 
ings was picked out with the utmost care under the microscope and sub- 
jected to partial analysis (XLVI), no trace of foreign adherent matter 
being visible. The specific gravity of the material used for the first 
analysis was 7.335 at 14.Jo C. Correcting foi one half per cent, of sili- 
ceous gangue of assumed specific gravity 2.G5, tlie true specific gravity 
of the mineral becomes 7.400. 





XLV 

71.18 
0.56 
0.08 
0.39 

22.96 
4.87 i 
0.21 


XLVI 


As 




S 




Bi 




On 




Fe 


' 22.69 


Co 


4. -JO i 


Ni 


0. 19 




... 




99.75 



The first of the^e analyses leads closely to the formula Fe (Co, Ni) As 
(S)2, while XLVI shows beyond a doubt that both cobalt and nickel are 
constituents of the lollingite and not derived from attached crystals of 
either of the other minerals. The presence of cobalt recalls the glau- 
copyrite of Sandberger, though the antimony found in that mineral is 
here wanting. The peculiar comb-like excrescences described by him, 
indicating rhombic twinning by interpenetration, may be analogous in 
some degree to the twinned structure of the present mineral. 

Some varieties of rhombic C0A82, all of which, according to Leroy 
W. McCay,^^ should be united under the name safliorite, present features 

•'^Jlnaugiiral Dissertation, Freibt-rg, 18J53. 
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rcinaikably like some of those herein described, notably as regards the 
tendency to form twins of interpenetration ; and from the presence of co- 
balt it might be 8uspectecl that this mineral was rather to be considered 
as safflorite than lollingite. Its exceedingly high percentage of iron 
and high specific gravity, both greater than that of any safSorite yet 
examined, are not unimportant objections to this conclusion. 

In the description of this mineral in the American Journal of Science, 
Vol XXVII, p. 354, through a misapprehension not to be explained in 
a few words, Sandberger is wrongly quoted as authority for the state- 
ment that the brachydome is characteristic of rhombic Co AS2. Atten- 
tion was called to this error by Mr. Leroy Wl McCay, who is inclined 
to consider the above-described mineral as safflorite. While acknowl- 
edging that through the elimination of the statement referred to, the 
main i)oint there brought forward in favor of identity with lollingite 
was taken away, the evidence is by no means conclusive that the min- 
eral should be classed with safflorite. Further examination, especially 
of a crystallographical nature, on both lollingite and safflorite, are ne- 
cessary in order .to settle this question. The mineral having been 
already described as. lollingite, this name is here retained. 



ZINCKENITE. 

In the Brobdignag mine, Ked Mountain, San Juan County, Colorado, 
occurs a massive gray mineral showing greasy metallic lustre, without 
apparent crystalline structure, but to all appearances of complete homo- 
geneity ; of si)ecific gravity 6.21 at 18^ C. and hardness 3-3.5, which upon 
analysis was found to be an arseniferous zinckenite, this being, it is 
believed, the first observed occurrence of the mineral in the United 
States. Besides the usual blow-pipe reactions for zinckenite, including 
violent decrepitation, there appear those for arsenic, preceded in the 
closed tube by a light sublimate of sulphur. The results of analysis 
are: 



XLvn. 



a. 



b. 



I Sb 85.00 

I A« ' 5.64 

Pb 32.77 

I Cu 

Ag 

' Fe 

CaO 



5.59 
82.79 



: 1.20 

I 0.23 

, 0.02 

' 0.31 

^^ I 45 

[ S 22.50 

I Gangne 0^59 



22.50 



98.71 



The atomic ratio is, for 

(PbCuaAg,) : (SbjAs,) : S 



1.00 



1.09 : 4.11. 
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While thitt is close enough to the theoretical ratio 1:1:4 to establish the 
probable formula PbS^SbtSa, the i*esa1t was not such as the care ex- 
pended on the analysis warranted, supposing that no impurities were 
present. Calculation shows that while the antimony and arsenic taken 
together are in excess of the amount required for lead, copper, and sil- 
ver, the sulphur falls short by half of one per cent. The actual deficit 
in the latter amounts, however, to about one per cent., for it was fouud 
that about half of one per cent, existed in the free state and could be 
extracted by carbon-disulphide. The only explanation of these contni- 
dictory circumstances was to be sought in the presence of oxygen salt8, 
which would at the same time account for the difference between the 
sum total of the analysis and 100. 

Ammonium acetate failed to extract any lead sulphate, but neverthe- 
less pure water extracted a not inconsiderable quantity of soluble mat- 
ter, even when the digestion was carried on in an atmosphere of car- 
bonic acid. The filtrate showed neither acid nor alkaline reaction 
toward litmus paper. Silver nitrate produced no precipitate whatever, 
thus showing the absence of soluble chlorides or sulphides; but hydro- 
gen sulphide threw down a copious orange colored precipitate of anti- 
mony trisulphide and thecorrespondingarsenicconipound, entirely free 
from lead. Barium chloride produced a slight precipitate of barium 
sulphate. The antimony consequently existed in solution in an oxid* 
ized state — that of trioxide — as shown by evaporating some of the 
original solution with hydrochloric acid and adding potassium iodide. 
The manner of combination was not ascertained, but from the presence 
of alkalies this seems pretty certainly indicated. Tbe salts, whatever 
tbey may be, are not very readily solub'e, for six digestions with warm 
water in an atmosphere of carbonic acid were insnfficent to complete 
the extraction. The sulphur trioxide found was probably combined 
with lime. 

These experiments show that a large part of the apparent loss in the 
analysis is to be made up by oxygen, which, by requiring a consid- 
erable proportion of antimony, arsenic, and sulphur for combination, 
brings the ratio of the elements actually constituting tbe zinckenite 
very near that required by theory. They also show that the specific 
gravity given above, even were it corrected for quartz, is too low. 
Suitable corrections for quartz, free sulphur, and soluble salts would 
undoubtedly increase tbe specific gravity to the figure given in text- 
books, t. e,y 5.3-5.35. 

Tbe above method of examination and its results have been dwelt upon 
somewhat in detail, because tbey show so clearly that apparent homo- 
geneity in the case of non-crystallized metallic sulphides is no criterion of 
tbeir purity, and also because thereby is indicated a possible way of recon- 
ciling with some definite formula tbe results of many analyses, espe- 
cially of massive uncrystallized metallic sulphides, like tbe one here de- 
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scribedy whose position in a system pf classification might otherwise be 
impossible of precise determination. (See also Gnitermanite, p. lOG.) 

COSALITE. 

In the collection of the Colorado Scientific Society are a few specimens 
of a mineral from the Gomstock mine, near Parrott City, La Plata 
County, Colorado, presented by .Mr. li. C. Hills, according to whom it 
occurs in a quartz vein associated with pyrite, sphalerite, a telluride of 
unknown composition, though probably sylvanite, and native gold. In 
the specimens examined it appears in irregular masses of small size, 
rarely an inch in length, and generally much smaller, without cleavage 
or recognizable crystalline structure except for an occasional faint indi- 
cation of fibrous texture on fractured surface. The fracture is irregular ; 
color, grayish white, but pale yellow on exposed surfaces ; hardness,, 
about 3.5 1 specific gravity undetermined. 

The outer zone of the small bodies spoken of is found on close exam- 
ination to be a mixture of two or more minerals, among which minute 
grains of pyrite were alone recognizable. Sufilcieut material was, how- 
ever, obtained for analysis, free from all impurity, except a little pyrite 
and 1^ per cent, of insoluble gangue. This afforded the following re- 
actions: In closed tube, sublimate of sulphur; in open tube, formation 
of sulphur dioxide ; on charcoal, fusible, giving reactions for lead, bis- 
muth, silver, and copper ; soluble in chlorhydric and nitric acids, in the 
former with precipitation of silver chloride. 

The analysis, after deduction of the gangue, gave these results : 




* Tbe fiiUowing atomio weighto are naed : Bi. 208, Ag. 108, Co. 63.i, Pb. 207, F«. SO, S. 82. 

Allowing for the iron and a proportionate amount of sulphur as pyrite^ 
the atomic ratio deduced from the above is : 

R : Bia : S 
2.00 : 1.00 : 4.94 

showing the general formula for the mineral to be 2 ES+BisSs, wherein 
B represents Pb and the double atoms Ags and Cu2. The ratio of 
Ags+Gus : Pb is 1 : 1.11. 

Although copper was absent, and but 2 per cent, of silver present in 
the mineral originally described by Genth as cosalite, it does not appear 
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advisable, in the absence of any data as to the crystallographic form, 
to consider this a distinct species, but to class it, as has been done with 
bjelkite, under cosalite. 

In the collection of the Colorado Scientific Society are specimens of 
hiibnerite from the Boyal Albert vein, Uncompahgre district, Ouray 
County, Colorado. 

The mineral occurs in long flattened cr^^stals vertically striated, im- 
bedded in quartz, but none sufficiently well formed for measurement 
could be extracted; in fact, definite faces are rarely visible, though two 
prisms and the orthopinacoid have been observed. The lustre is sub- 
vitreous to resinous, and the color brownish black to pale yellow in very 
tbin crystals. In transmitted light the color is ruby red to yellow, 
filightly tinged with green when the thickness is not too great. Ex- 
tinction takes place parallel to the vertical axis in a plate parallel to 
the orthopinacoid, and at an angle of 19^ to 2(P to the same axis in a 
cleavage section parallel to the clinopinacoid, as observed by Des Cloi- 
zeaux for wolframite. In the plates parallel to the orthopinacoid a 
tendency to cleave at right angles to the clinopinacoid and also at 
angles approximating 61^ and 68^ to the same face was observed. The 
specific gravity at 24^ 0. is 7.177, and the composition as follows : 



XLIX. 



SiOt 0.62 

NbtO, (t) I 0.05 

WO, 75.58 

MjiO i 23.40 

VeO I 0.24 



CaO 



0.13 



100.02 



Which agrees very closely with that required by theory for the formula 
MnW04. 

This mineral is also found in a mine near Phillipsburg, Montana, 
according to Mr. Richard Pearce. The specimens in the collection of 
the Colorado Scientific Society show large flattened crystals of imperfect 
form in quartz. Mr. A. U. Low, chemist at the Boston and Colorado 
Smelting Works, has analyzed the mineral approximately and found: 



WOj 74 82 

I MnO I 25.00 I 

FeO 0. 06 . 



I 



09.88 



Other localities of occurrence in Colorado are Jamestown, in Boulder 
<3ounty, and near Silverton, in San Juan County. 
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BINDHEIMITE. 

A specimen of bindbeimite from a claim near tbe Bertrand mine, 
Secret Gafion, Nevada, came into possession of tbe Colorado Scientific 
Society, and wa« analyzed in the laboratory of tbe Survey. The speci- 
jaen was compact and devciid of cr^'stal form, except for a few minate 
crystals impossible of identification. The color, in general a yellowish 
green, was in places lemon 3'cllow. Tbe specific gravity at 10^ C. was 
&01, after allowing for 4.59 per cent, of quartz of 2.65 specific gravity, 
and 20.33 per cent, of cernssite of specific gravity 6.5. The following 
the results of analysis : 



L. 



a. 



PW) I 49.98 

CuO 0.58 1 

ZnO ' ai7 

CaO 0.W I 

JAgO 0.03, 

KaO 0.14 

N««0 0.21 

HiO 5.80 ; 

SbtOf 86.18 ' 

FeiOt O.fa0 ' 

Ac 0.20 

COt 3.3.1 

Qotfts 4.60 : 



b. 



40.82 
0.60 
0.18 



■| 



5.87 
85l21 



■| 



8.30 



48.60 
a68 

ai8 

0.66 
0.08 
0.14 
0.21 
5.86 
85.20 
0.00 
0.28 
8.36 
4.58 



loass 



100.68 



Of the water 1.95 per cent, escaped over sulphuric acid, and a further 
ClTO per cent, at 100<^ G. Tbe oxygen ratio derived from tbe above, ex- 
4Sliiding PbCQi, Ag, and FesOs, is : 

RO: SbaOfti HaO 
3.14: lO.(K): 5.92 

If that water which escapes over sulphuric acid be considered true 
liygroeoopic water, the ratio becomes 3.14:10.00:3.98. Tbe first of 
thew ratios corresponds to tbe formula 3 PbO, 2 SbiOs, 6 HsO, while 
4he fleeond is represented by 3 PbO, 2 SlhO:^, 4 H^O. 

KAOI..IN'ITE. 

In fhe American Journal of Science, Vol. XX VIT, 1884, p. 472, Mr. 
Si O. Hills gave a short description of tbe material whose chemical com- 
position is discussed below. The mineral appears as a white or straw- 
4N>lored powder, composed of minute .scales, and occurs in certain vug^s 
•or CftTities in a quartz vein material, imposed in a large mass of em|>- 
thre Tock, of which it is an alteration product. Barite, galena, and oc- 
casionally other ore minerals are associated with tbe kaolinite. The 
ITational Belle mine, on Red Mountain, near Silverton, San Juan 
Chmnty. Colorado, is the original and principal locality for this mineiaL 
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Under the microscope the powder leaolTes into a mnltitnde of most 
perfect transparent crystals of hexagonal form, bat evidently of the 
rhombic system, as shown by the optical action. They present a pre- 
dominant basal plane, bat also veiy distinctly a rhombic pyramid and 
a brachydome of very similar development, thns maintaining the re- 
semblance to a hexagonal form. Figaros illastrating these eryslala 
accompanied Mr. Hill's description. 

Ghbmioal Composition. — The material examined eontained a num- 
ber of black grains as an impnnty, and was of a very fmt straw-yel- 
low color, from a thin coating of limonite. The latter wae moetty re- 
moved by hydrochloric acid and the former by stirring iq> with water 
in a beaker, allowing the glass to stand for a moment and then ponring 
off what had not yet settled. The residue was again treated in a similar 
manner. From the decanted portion a very pure product was obtained, 
of brilliant whiteness. 

The fine flakes, when suspended in quantity in water, impart to the 
latter a most beaoiiftil satiny appearance. 

At 18^o G. the ^ecific gravity of the purified substance is 2.611. Be- 
fore the blow-pipe intumescence takes place, but no fhsion whatever. 
Strong boiling hydrochloric and salphnric acids exercise little solvent 
action. The following are the results of analysis : 



LI. 



SiOs 
AltOs 



46.85 
89.59 



Fe«0« 0.11 

HfO 

F 



13.93 
"»0. 16 



* 100. 18 
Leas O for P , .06 



100.07 



*A% mean of 0.17, 14, and 0.14. 

The Fe^Oa comes undoubtedly from limonite which had not been en- 
tirely removed by hydrochloric acid. 

None of the water escapes at a temperature of 330° 0. ; it is there- 
fore probably all basic water. The text-books mention half the water 
of kaolinite as probably basic. If this is true, a marked distinction, 
aside from that occasioned by the presence of fluorine, exists between 
this mineral and kaolinite. Frenzel has described a variety of kaolin 
(myelin),^ which loses none of its water until a very high temperature 
is reached. 

This point should be carefully observed in future examinations of 
similar minerals, for upon the contirmation of such a difierence as that 
mentioned, coupled, perhaps, with the presence of fluorine, there would 

**Naumann-Zirkel, Mineralogie, 11th ed., p. 676. 
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be necessitated the separation of such minerals as the present one and 
myelin from kaoUnite. 

A CHBOMEFEBOtJS PSEITDOMOBPH. 

From the Bochelle mine, on Banning Water Biver, Wyoming Ter- 
ritory, there was obtained a single fragment of a dark green mineral, 
apparently a pseudomorph. Although crystal planes were visible, as 
well as more than one direction of cleavage, the identity of the original 
ndneral could not be ascertained, partly owing to the cutting of artificial 
fJAces. In one direction, parallel to one of pronounced cleavage, a dis- 
tinct lamination was observable. Bdges and thin flakes were translu- 
cent. The lustre was greasy^ and the color of the powder apple-green. 
Specific gravity at 12^^ 0., 2.831. Hardness about 3. Analysis gave: 



SiOf . 
AlsOt 
CnOt 
Hgp. 

NagO 

mo . 



LIL 



} 



8&07 



4ft.M 46.24 
87.16 

O.TO 

ass 0.84 
10l70 

a«) 

4.80 



100.86 



It is evident frt>m the analysis that the product of alteration is allied 
to muscovite. With substitution of Fe^Oa for GraOa the composition 
agrees almost exactly with that of the pseudomorph liebenerite. 

W. p. Blake describes ia the American Journal of Science, YoL 
XXY, p. 161, native lead occurring on galena, from the Jay Oould 
mine. Wood Biver district, Idaho Territory. A specimen of this occur- 
rence in the collection of the Survey shows metallic lead, without any 
galena, running through a mass of quartz rock (the latter stained red- 
dish, perhaps from minium). The quartz is somewhat cracked, and 
the several pieces are held in place by filaments of lead. A white coat- 
ing of lead carbonate appears in a few small cavities. The lead is 

argentiferous. 
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By W. F, HUXEBRANB. 



The ZaSi mine on AnvmHoontaiii, near Silverton, San J^oan Omuitgrf 
Colorado, has fiindshed to soidnoe two new minerals, one ni tkem belog 
of a remarkably interesting natore. 

A portion of the ore from this mine, as represented by two qfieoinifini^ 
for the nse of which I am indebted to Mr. Franklin Qiiiterman, ooniiBts, 
when nnaltered, of an nncrystallixed sulphide of lead and arsenie, upon 
broken snrfiaces of whioh i^pear numberless projecting f^Msy ftoes of 
tetrabedra of the regular system. On destroying the sulphide by nitrio 
or nitro-hydrochloric acid, washing thoroughly by deoantation, and 
Anally employing a solution of high spedflc gravity toeflfeot sepaiatioa 
from a very small amount of barite and whatever other lighter w heav- 
ier impurities may be present, a product is obtained consisting of &ie 

crystals on which the predominant form is »« generally modified by 

O Tnnm 

—^ and flieqnently also by oc Ooo and -^ (Whitenan Gross). WUIe 

goniometrio measurements of the tetrahedral angles by Mr. Gross va- 
ried frequently within a degree from the normal, this must have been 
owing to surface irregularities, for generally the crystals are entirely 
without action on polarized light, and can therefore belong to none but 
the I'egular system, although a few show very faint polarization due to 
interior tension (Cross). 

Their size varies from that of extreme minuteness to a diameter, iu 
rare instances, of 5 millimeters. The smallest of the crystals are gen- 
erally quite clear and transparent, but the vast majority carry more or 
less uncrystallized, unmagnetic, black inclusions, the nature of which 
the microscope does not reveal. Repeated preliminary tests showed 
that these were in no respect similar to the sulphide in which the crys- 
tals had been imbedded, being practically insoluble in the strongest 
acids, with the exception of hydrofluoric acid. The tetrahedra them- 
selves, even in line powder, are also unaffected by any acids other than 
hydrofluoric, and even with this acid the action is very slow. Fusion 
with potassium hydrosulphate effects decomposition in time, and with 
alkaline carbonates quite readily. 

The lustre is glas^^y, cleavage octahedral, hardness about 7, and the 
specific gravity in the case of two different lots, carrying in so far as 
could be judged the same amount of inclusions, was 2.906 and 2.894, at 
18JO C. and 20o C, respectively. By diluting a portion of the Thoulet 
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flolntion nntil a few minute crystals free from black specks remained 
suspended in the liquid, and then taking the density of the latter by a 
Mohr balance, the specific gravity of the pure mineral was found to be 
2.876 at 150 0. 

The influence of the inclusions upon the specific gravity was not 
sufficient to allow of effecting anything like a complete separation, by 
the employment of a solution of high density, of pure matter from that 
carrying inclusions, even when finely powdered. For although the por- 
tions first falling consisted of the largest and blackest crystals or frag- 
ments, and each succeeding precipitate was of a slightly lighter shade^ 
the last was still noticeably dark and by no means pure. The difficulty 
of separation in this manner was further enhanced by the fact that 
much of the material from which the portions taken for final analysis 
were obtained was more or less altered and consequently of lower 
specific gravity, the result being that the pure crystals and slightly al- 
tered ones containing many inclusions fell together. After very great 
labor, however, enough material for final tests was obtained by hand- 
picking under the loupe. This showed no signs of alteration and but 
here and there a minute black speck. 

Qualitative analysis of less pure material showed the presence of 
silica, titanic oxide, alumina, ferric oxide, soda, potassa, lithia, fluorine, 
chlorine, phosphorus pentoxide, and water. When heated in a tube 
acid water which attacked glass was given off. Whole crystals when 
heated sometimes decrepitated, and always became opaque and pvrce* 
Iain-like, but showed no sign of fusion in the hottest blow-pipe flame. 

On account of the hardness, which rendered grinding in an agate 
mortar una<lvisable, the sample was crushed in a steel mortar, the metal 
from the latter extracted by hydrochloric acid, and, after washing thor- 
oughly by filtration, the finest portions were separated from the coarse 
by levigating with water. The most impalpable powder was reserved 
for alkali tests. 

In these, decomposition was effected by igniting with three parts of 
bismuth oxide for half an hour at a dull red heat. Treatment with hy- 
drofluoric acid would have required several days for the decomposition 
alone, and it is improbable that the Lawrence Smith method would have 
succeeded well. Lithia could not be quantitatively estimated, although 
the spectroscopic evidence of its presence was strong. 

Silica, alumina, ferric oxide, titanic oxide, and fluorine were generally 
estimated in the same portion, and, in one instance, also chlorine and 
l)ho8phorus x>entoxide. Fusion was made with potassium carbonate. 
After separation of silica, alumina, etc., in the usual manner, the phos- 
phoric acid remaining in solution was remove4 by silver nitrate. The 
fluorine was not calculated from the weight of calcium fluoride obtained, 
but from the difference between this weight and that after conversion 
into sulphate. In one instance (analysis LY, below) a considerable 
amount of pure silica was added before fusion mWi ^^-aXiwfc ^i«ewav^aXfc^ 
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and here somewhat more fluorine was found than when no silica was 
added. Silica was always examined for phosphoric as well as for titanie 
acid when the latter was known to be present. 

The solution containing ferric (titanic) and phosphoric oxides and 
alumina was divided into two parts, in the one of which the phospho- 
rus was determined, in the other the weight of the combined oxides* 
The latter were brou^t into solution by fusion with potassium hydro- 
sulphate; the titanic oxide if present was then thrown down by boiling 
in presence of sulphurous acid, and the iron was precipitated as sulphide 
from a tartaric acid solution and subsequently weighed as oxide. The 
alumina was found by di£ference. 

Beryllia was carefully tested for by digesting the alumina and ferric 
oxide (introduced as chlorides) for several days with ammonium car- 
bonate in excess. Tlie very slight amount of matter found then in so- 
lution proved to bo alumina. 

Chlorine was estimated in a separate portion by precipitating as sil- 
ver chloride in a platinum dish, after leaching the alkaline carbonate 
fusion and acidifying the filtrate with nitric acid. As a precautionary 
measure the chloride was then dissolved on the filter with ammonia and 
reprecipitated by nitric acid, after which it was collected and weighed 
in a Gooch crucible. In one instance the silver chloride thrown down 
before precipitating the fluorine as calcium fluoride was weighed and 
found to tally very closely with the results obtained on separate portions. 

Water was estimated by heating the mineral with dry sodium car- 
bonate in a glass tube and collecting in a weighed calcium chloride tube. 

The results upon the purest material were as follows: 

,—0.9055 pram gave 0.2200 SlOa, 0018 FetOs, 0.5230 AlsOs, ftnd 0.0466 F. 
— I.15ti8 «raai ^avc 0.2k17 SU>«, 0.0022 FeaUj. 0.G710 Ahih ami 0.0613 F. 
.-_0.8I3« Rram pave 0.4fiP2 Al^tOa. 0.0018 Ft-,/),, O.OO.'U P«()», 0.0244 01 and 0.0473 F. 
.—0.6512 gram pave 0.00:.8 MptlMh, hence 0.0037 PwOs. 
._1.0039 gram gnv.- 0. 0000 KCl. XaCl and trace LiCl. 0.0052 KjPtCU, whence 0.0016 KCl and 

0.0044 NaCl. LiCl, or 0.0010 K/) and 0.(»023 NatO. Li?0. 
._1.004<2 prum pave 0.0064 KCl, NaCl. LiCl 0.0052 KsPtCU. whence 0.0016 KCl and 0.0048 

NaCl. LiCl, or Ooio K..() and 0.0025 JiaA), Li.-O. 
.—0.7022 pram pave 0.0H24 ApCi, whence 0.0204 CI. 
.—0.7505 gnim pave 0.0891 AgCl, whence 0.0220 CI. 
—0.5073 prnm pave 0.0552 TIaO. 
—0.4021 pram Kave 0.0439 IfsO. 
—0.3502 pram pave 0.0381 HjO. 



LIll 

LIV 

LV 

LVI 

LVII 

LVIII 

LTX 

LX 

LXI. 

LXIL 

LXIII. 



LHL 



LIV. I LV. 



SiOi 1 24. 30 



FetOs. 
AUOa 
KtO . 
Na»0 
LiaO . 
H-O .. 
PjO« . 
F. .. 
CI .... 



0. 20 
57.76 



24. 30 

0.20 

58.00 



0. 21 
57.87 



I 



6.16 5.30 



0.64 
5.61 
2.89 



LVI. LVII. ' LVIII 



0.10 
i 0.23 
trac^. 



0.57 



0.10 

0.25 

trace. 



LIX. LX. ! LXL LXIL I LXni. Meiin 



2.00 , 2.03 



-I- 



10.88 10.92 ' 10.88 



LeH« O for F and CI 



' 24. :« 
I 0.20 
57.88 
0.10 
0. 24 
traco 
10.89 
0.60 
*5.6l 
2.91 

102.76 
3.02 

99.74 



* The highest figure for fluorine is hero taken aa probably nearer correct than the others, l»e- 
^«ii«a o/ A po«0j[>]e analytical error in the latter having in this case been lessened by the addition of 
"" before mAking the oJkaline fusion. 
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In deducing a formiila ftom these data the Fe^Oa and P^Os may for 

reasons subseqaently mentioned be neglected. Since none of the water 

escapes at 270<^G, it may be assumed that it exists as water of coustita- 

tion, or basic water, and it is perhaps to be reckoned witii the small 

quantities of alkalies. The atomic ratio is then found to be : 

(H,K,Na) : Si : (Al,) : (0,Pa,CU) 

1.2208 : 0.4055 : 0.6674 : 3.1232 
or 

18.06 : 6.00 : 8.; 9 : 46.21 

which is not far from 

18.00 : 6.00 : 8.00 : 45.00 

giving the formula Ri8Si6(Al2)8(0,F2Cl2)45 or 9 RjO, 6 SiO„ 8 AI2O3, with 

part of the oxygen replaced by fluorine and chlorine. 

The FcjOs of the above analyses came undoubtedly from a thin film 
of ferric oxide on the tetrahedral crystals which had not been entirely 
removed by the various treatmeuts with acids to which the y had beeu 
subjected. 

The PsOs cannot well be a constituent of the tetrahedra and is prob- 
ably derived from a small proportion of an admixed aluminium phos- 
phate. The excess of alumina constantly found over that required for 
the above formula renders this the more likely. Evidence of the pres- 
ence of an admixed phosphate was also obtained by direct experiment. 
In material not specially purified there were observed a few irregular 
and generally dull grains which at first were supposed to be fragments 
of tetrahedra, perhaps slightly altered. Half a dozen of these, weigh- 
ing in all less than 1 milligram, were picked out, crushed, fused with 
aodium carbonate, the fusion dissolved in nitric acid, and a few drops 
of molybdate solution added. A distinct yellow precipitate formed in a 
short time. Yet while the presence of an aluminium phosphate would, 
by lowering the aluminium of the above analyses, make the ratio Si:Als 
nearer 6:8 than it has been shown to be, I am not at all certain that the 
discrepancy is hereby entirely to be explained. For the given amount 
of SiOi only 65.19 per cent, of Al^Oa is required, lea\ing 2.69 per cent. 
for combination with only 0.60 per cent, of PgOs. Moreover, the above 
^ven ratio between 810$ and AI2O3 has been found by repeated careful 
analyses not included in the above, made on entirely different samples, 
to be practically constant. It is therefore possible that the true formula 
is more complex than that given above, or that some source of contam- 
ination exists which has as yet escaped detection.^^ 

** After the above wa6 ready for the press Mr. Cross communicated to me the foUow- 
ing ftyats as the resnlts of farther microscopical examination : 

"The znnyite has a polarizing inclusion, quite plentiful in tkfew crystals, but lack- 
ing entirely in most of them. When mounted in balsam the dark impurities stand 
<mt very plainly, causing f he crystals to seem much more impure than they really are. 
The polarising substance cannot be identified, but it is too brilliant for apatite. It 
has no good crystal form.-' This polarization, he further says, is distinct from that 
mentioned on p. 100, as occasionally shown by the znnyite itself. Hereby the opinion 
aboye, that some foreign admixture was present^ \a ^o^^w&ft^ 
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As a name for the minera!, Zunyite is proposed, after the mine fix)m 
which it was obtained. 

The black indnsions in the znnyite were shown to contain titanic 
oxide by the following partial analyses of dark crystals : 



SiOt.. 

TlOi. 

AlsOb 



23.98 


28.86 


0.75 


0.84 


*58.30 


*58.46 



*Not freed from FeiOt ftnd PiOs. 

In order to ascertain whether they consisted only of titanic oxide or of 
some titanate, an attempt was made to separate from the znnyite a quan- 
tity sufficient for analysis. It was soon found that this could be but 
very imperfectly accomplished and only by reducing large quantities of 
zunyite crystals to fine powder and then effecting the separation by 
means of the Thoulet solution. In this manner a mixture of barite, black 
particles, aod attached zunyite was obtained, weighing, after thorough 
washing, but 0.5528 gram, which furnished the following results on 
analysis: 



Ba804 

SIOi 

TiOi 

AliOi 

FejOt 

p^ 

HsO, F.ci, iiiid ioM '. 



LXIV. 



88.00 
1.60 
&00 
8.83 
0.20 
Trace. 
2.47 



100.00 



Since the silica and alumina bear to each other uearly the same ratio- 
as in zunyite, and since both fluorine and water were found to be present 
in small quantity, it is probable that all these were derived from 
attached zunyite, the perfect separation of which from the inclusions 
is practically impossible even with the comparatively largo amounts 
operated upon. There remains then only titanic and a little ferric 
oxide, showing that the inclusions consist, m all probability, of titanic 
oxide alone. 

By far the greater part of the zunyite-bearing ore seems to be in an 
advanced stage of decomposition. Through the kindness of Mr. J. A. 
Porter, of Durango, Colorado, the Colorado Scientific Society is the pos- 
sessor of about tifty ])ounds of this altered ore completely filled with 
zunyite. The original double sulphide has almost disjippeared, being 
changed into lead suli)hate and other less well-defined compounds. 
While the zunyite is here in great measure still perfectly fresh, a con- 
siderable portion has been more or less altered, incipient change being 
indicated by a faint cloudiness through the crystals which, beginning 
apparently at the centre, spreads outward and increases in degree 
until, as a final product, there ensues a dull white opaque substance 
retaining in a measure the outlines of the original crystal and showing 
here and there a black grain of titanic oxide. 
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It was from this partially-altered ore that the material for the com- 
plete analysis above given and for the investigation of the inclusions 
was obtained, ^ the specimens of unaltered salphide were two small to 
afford sufficient material by hand-picking. 

A knowledge of the composition of the result of alteration of zunyite 
seemed desirable ; hence the lightest of all portions separated by the 
Thoulet solution, of specific gravity 2.45, was partially analyzed. The 
result was unsatisfactory, indicating a mixture of probably several sub- 
stances, of which a little undecomposed zunyite is known to be one, but 
the general character of the chemical change is in a measure shown. 



SiOt 

AltOi 

FeiOi 

CaO(STOt).. 

ZnO 

K«0 

Na«0(Iii0). 

Pf0» 

AtsOf 

SOi 

F 

a 

HsOaDdloM 



LXV. 



60.47 
22.08 
0.27 
L70 
0.20 
0.58 
1.29 
2.21 
0.40 
4.52 
0.01 
0.15 
0.82 



100.00 



Some of the constituents, as the AsjOs and ZnO, have evidently been 
derived from the sulphide ore in which the mineral was imbedded. 



GUrrERM AlOTE . 

The metallic sulphide forming the matrix of the zunyite, of which in 
a fresh state, as before observed, but two specimens were at disposal, 
is of a bluish-gray color, possesses light metallic lustre, and a hardness 
of about 3 on places free from included zunyite. A small amount of 
pyrite is visible in spots. 

Heated in the closed tube it fuses readily and there appears a slight 
sublimate of sulphur followed by a heavy one of arsenic sulphide; while 
on charcoal the usual reactions for sulphur, arsenic, and lead may be ob- 
served. 

The following analyses were made : 
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Analyses LXYI a and b were first made, on material which had a 
specific gravity of 5.828 at 17^<^ G. Corrected for admixed zanyite id 
specific gravity 2.9, this becomes 5.94. As the total could hardly be 
brought above 99 per cent., in spite of great care in analyzing, the canse 
of this was soaght for and found as will be subsequently explained. 

In the experiments (not of a quantitative nature) having this end in 
view the sample was exhausted, therefore fresh material was used fbr 
two subsequent analyses, LXVII a and b. 

In both these and the previous ones the sulphur was found in excess of 
that required for the metals, on the assumption that all the arsenic was 
present as trisnlphide and the iron as disulphide. This was due to the 
presence of free sulphur, which was estimated quantitatively by extract- 
ing with carbon disulphide and carefully evaporating the filtrate to dry- 
ness in a weighed crucible. After three extractions no more sal[>hur 
was dissolved. The amount thus obtained represented 0.59 per cent of 
the material used for analyses, LXVII, a and b. 

While accounting completely and satisfactorily for the excess of 
sulphur, this did not explain the low summation shown in the first 
analyses. It was found, however, that notwithstanding the apparent 
purity of the mineral, lead sulphate was present in some quantity. 

The sulphur trioxide of this was estimated by extracting the sulphate 
from the mineral by digestion with warm dilute hydrochloric acid in an 
atmosphere of carbonic acid, three or four digestions being sufficient 
for complete extra<*>tion, and, after partial neutralization of the filtrate, 
precipitating as barium sulphate. The result wns 0.09 per cent. SO3. 
The lead oxide of the sulphate could not be estimated in this extract, 
because even the dilute acid slightly decomposed the sulphide, taking 
lead but no arsenic into solution. Under the conditions of the experi- 
ment practically no hydrogen-sulphide could be oxidized in the short 
time required for making the extraction. 

As a check, the lead oxide of the sulphate was estitnated quantita- 
tively by extracting the sulphate with neutral ammonium acetate in a 
closed flask, three or four digestions with fresh solution being sufficient, 
throwing down the lead as sulphide, and converting into sulphate before 
weighing. The percentage of lead oxide thus found was 2.70, instead 
2.01 required by the ().G9 of SO3 tound. 2.61 of TbSO* contains 1.78 of 
lead, 0.28 of sulphur, and 0.55 of oxygen. Thus the sum total was 
brought much nearer to 100. 

Excluding now the lead sulphate, free sulphur, and pyrite, the follow- 
ing atomic values are obtaine<l : 

CU2 0.174- 126.8=0.0013 f ""-^'"^ ^''^^ ^"'"^ 

A82 13.004-150. =0.0866 1.00 3.00 

S 17.68-r- 32. =0.5525 6.38 19.14 

These lead to the formula 10 PbS, 3 As^Ss. A simpler formula, and 
one not far removed from the above, is 3PbS, ASjSa. If a small quan- 
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tity of gslena was present, of which, however, there was no evidence, 
other thMi thfft aflForded by the decomposition of some lead solphide by 
dilate hydrochlorio acid without simnltaneoas solation of arsenic, the 
latter formala is probably the correct one. Bat this evidence is of little 
valae, for any arsenic dissolved from the doable snlphide woald proba- 
bly be immediately thrown down again by the hydrogen snlphide 
evolved. Whichever formala may be the trae one, the mineral appears 
to be new to science, and a name, ChUtermanite, is proposed, in honor of 
Mr. Franklin Gniterman, who first called attention to this and the 
associated znnyite. 

In conclosion, a few words will be in place resi)ecting the occnrrence 
of these two new minerals. According to Mr. Gniterman there appears 
to be no decided indication of a fissure vein in the Znfii mine, bnt the 
minerals occur in what seem to be pipe veins enlarged in places, the 
surrounding rock being probably andesite. In this and other mines of 
the region kaolinieation of the country rock is a marked feature. 

A PBOBABIiir WEW MINXBAIi. 

A portion of the ore from the Missouri mine. Hall's Valley, Park 
County, Colorado, is composed largely of a sulpho-bismuthide of copper 
and silver. It occurs in a quartz gangue associated with chalcopyrite 
and wolflramite, and although the latter is only visible on close examina- 
tion, it comprises from 1 to 2 per cent, of the whole, as found by special 
tests. A considerable quantity was extracted by chemical and mechani- 
cal means, free from all foreign matter except a little attached quartz, 
and was proven to be wolframite by qualitative chemical tests and by 
a determination of the specific gravity. 

The mass of the sulpho-bismuthide appears throughout the quartz as 
a dark, bluish-gray substance without distinct forms of crystallization. 
In numerous cavities apx>ear small slender crystals, generally bronzed 
by oxidation and so deeply striated as sometimes to present the appear- 
ance under the loupe of bunches of needles. Occasionally they seem 
to be joined together laterally forming thin corrugated plates. Owing 
to this deep striation no crystal faces can be detected either on the 
sides or the free terminations. The habit is strikingly like that of bis- 
muthinite, for which the crystals were, indeed, at first taken. 

After several days labor enough material was removed from the cav- 
ities for the determination of the metals. It could not, however, be 
freed altogether from quartz and chalcopyrite. The specific gravity at 
17^ C. was 5.75. Making correction for 4.43 per cent, of quartz and 
6.98 pear cent, of chalcopyrite of assumed specific gravities 2.65 and 
4^, this becomes 6.31. The analysis appears under LXYIII below. 

The more compact material, excluding as far as possible the needles, 
gave, after deducting 59.75 per cent, of gangue, the results under LXIX. 
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LXX is the aDalysis of a mioeral presented by Mr. William McCree 
as comiug probably trum tbe Missouri miue. Id appearance it dif- 
fers in no respect from the compa^^t material already described, except 
that no chatcopyrite is distinctly visible in the smalt specimens at my 
disposal, and the quartz grains are less firmly cemented togetber. It 
contains, however, some lead, which is entirely wanting in the other 
specimens analyzed, although the general formula is the same; hence I 
am led to believe that it came from some other portion of tbe worliings 
or from an adjacent mine whore ore like that from the Missouri mine 
ii reported to oooor. The specifio gravity vae 3,866 tAtBPO^ ^rt^A 
beoMiWB 8.680 on making porrectioii for 4/1 Jil per eeoL of gaogne of 
aaoertained apeoiflo gzavit7S.643. 

TbB most mariked t)low-pipe reaotioos for LXVIXI, WOX, and LXX, 
were entirely similar, a isblimate (d flolplmr E^ipearlng In ttie aloaed 
tabe,Milphar dlufdeeieiqtlngiiitiieopen ttilie,aiid theflued fragmci^ 
or powdw on ohareoal affotdiog the Unaatii teaotlona irltli great in- 
tendly. All were solable in nitric and hydroohlorie acdda, In the latter 
wiUi preoipitaticm (tf lilTer chloride. 
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After aubtracting from LXYIU 6.97 per cent.; from LXIX, 1.01 per 
cent, and from LXX, 0.33 per cent, of cbalcopyrite, with the propor- 
tiODS of sphalerite represented by the zinc, tbe atomic ratios beoome : 



E 


Bi, 


S. 


LXTIII. 3.00 


3.96 


14.75. 


LXIX. 3.00 


4.03 


14.98 


LXX. 3.00 


4.10 


15.16 



where K represents Fb and tbe double atoms A^ and Cu,. In each 
case the ratio is nearly 3 ; 4 : 15, which leads to tbe general formula 
3Ba + 4Bi,83. 

It seems probable that tbe needle-like crystals are a pure sulpbo- 
bismnthide of copper, and that in the more compact portions silver re- 
places a part of the copper, and in some cases a further replacement of 
copper by lead takes place. 
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This ore from the Missouri mine is auriferous. The material used for 
analysis TiXTX, gangue and sulphide together, assayed 1.86 ounces gold 
to the ton. According to Mr. Pearce, of the Boston and Colorado Smelt- 
ing Works, it was frequently much richer, running as high as 40 ounces 
to the ton. 

Before conferring a name upon this mineral, or even definitely "claim- 
ing it as a new species, further investigation is advisable. A personal 
visit to the Missouri and other neighboring mines in October, 1884, in 
the hope of obtaining*better material, was not rewarded with success. 
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BXPLAHATION OF PLATE. 

Kg. I Ultutrates the twin atnuttiireftuU optical prupQrlieeuralilbilt^.neeii iu cUoopin- 

acoidal aeetion, as described bf von Losnulx. Scr> t«sl, p. 30. 
V%. 2 iUoBtrateH the twin Btmcturo nod ■iptirnl }iroportks of stjlbito flrotn Tabic Moiiii- 

tain, in oorrespocding position to that of Fif(. 1. See text, p. 31. 
TI|. II iIJnMrat«e the twlo strnctnre and optical propertiea of phillipHite, oh described 

by Trippko. See lest, p. iB. 
n^B. 4, 6, anil G shon the optical aDOmaliesobiserved in the apopliylliteof Table Mona- 

tain, by C. Klein. 8«e text, p. 30, ^ 

Hge. 7, S, 9, and 10 illustrate the polysynthetio twin Hlractnre observed ia the eryo- 

lit« of Saint Poter'a Dome. See text, pp. 4:MT. 
ng. II repreaonto tlie crystal form at prosnpit« from Snint Peter's Dome. Bee t«-it, 

p, 63. 
Vlg. 1*2 represents a cryaCal of pbenaolte ttoax Crystal Pork, uatnrat siso. See toxt, 

p. 68. 
Jfl(. 13 shows the position of the parting which products the lastre of the sanidine 

in the nevndif.e of Chalk Moiiiitain. Sou text, p. 76. 
Fig. 14 the fiudamental fbnn of ISUlnglte. See text, p. 90. 
Figs. 15 and 16, forms of IBlUogite, obwrred in the material from OuonlKm Otmatj, 

Colorado. See taxt, p. 90-41. 
Figs. 17, IS, 19, SO, and SI npreaent dlfCsient fonna of a rhombie ananida of ins, 

oobalt, and uiokal, obMrred In aMOolation with lOUnglto, Gnniilwn Oosntf , Colo- 
rado. Bm text, p. 91. 
m (33% 




-J»P( 




te-^ 1 






~i -^ 


_J 


air '.^ t^' 


w 





ciPfr 


1 




PL 


M h 



! 
1 




1 
1 












1 









d f'lP) d i (™j 




COlX)RADO MlNF.Bh\S. 



DKPAUTMKNT OF TIIK INTKRIOIl 



BULLETIN 



OP TIIK 



UNITED STATES 



GEOLOGICAL SURVEY 



ISTo. 21 



THE Li(;\m:s of thi: (;im:at skux i;i:si:k'vation-.a 

RKPOKT UN Tin: K'KiiloN I'.KTWKIIN THK iJKAND 
AND MOKKAl* KINKRS DAKOTA 



WASH 1 NC. TOX 

at»V Kli N M KN r PU I N r I .N«J Ol TICK 

1 8 iS ."> 



-A.I> VKJR T I S K I^ Ei NT. 

[BaUetin No. 21.] 



The pnblicAtiODS of the United States Geological Surrey are iasaed in accordance with the statate, 
apiMroTed March 8, 1879, which declares that— 

" The pablications of the Creological Survey shall consist of the annual report of operations, geolo^cal 
and eoonomio maps illustrating the resources and classification of the lands, and reports upon genAral 
and economic geology and paleontology. The annual report of oi>erations of the Geological Survey 
ihaU accompany the annual report of the Secretary of the Interior. All special memoirs and reports 
d laid Survey shall be issued in uniform quarto series if deemed necessary by the Director, but other* 
wlae in ordinary octavos. Three thousand copies of each shall be published for soientiflo exchangee 
and fbr aale at the price of publication : and aU literary and cartographic materials received in exchange 
■haU be the property of the United States and form a part of the library of the organization: And the 
Bumey resulting from the aale of such publications shall be covered into the Treasury of the United 
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Ob July 7, 1882, the following Joint resolution, referring to all Government publications, was passed 
by Congress: 

** That whenever any document or report shall be ordered printed by Congress, there shall be printed 
In addition to the number in each case stated, the 'usual number' (1,900) of copies for binding and 
diatribation among those entitled to receive them." 

Under these general laws it will be seen that none of the Survey publications are Aimished to it for 
ffntnitous distribution. The 3,000 copies of the Annual Report are distributed through the document 
rooms of Congress. The 1,900 copies of each of the publications are distributed to the officers of the 
legialattve and executive departments and to stated depositories throughout the United States. 

Sxoept, therefore, in those cases where an extra number of any publication is supplied to this office 

>y special resolution of Congress, as has been done in the case of the Second, Third, Fourth, and Fifth 

Annual Beports, or where a number has been ordered for its use by the Secretary of the Interior, as in 

Hie case of Mineral Besonrces and Dictionary of Altitudes, the Survey has no copies of any of its pub 

Iteations for gratuitous distribution. 

ANNUAL BKPORTS. 

Of the Annual Reports there have been already published : 

L First Annual Report to the Hon. Carl Schorz, by Clarence King. 1880. 8^. 70 pp. 1 map.— A 
, pceUminary report describing plan- of organization and publications. 

n. Report of the Director of the United Stotes Geological Survey for 1880-'81, by J. W. PoweU. 
1B82. SP. Iv, 588 pp. 61 pi. 1 map. 

ni. Third Annual Report of the United States Geological Survey, 1881-'82, by J. W. Powell. 1883 
$P. xviil, 564 pp. 67 pL and maps. 

TV, Fourth Annual Beport of the United Stotes Geological Survey, 1882-*83, by J. W. PowelL 1884. 
9P. xli, 473 pp. 85 pi. and maps. 

The Fifth Annual Beport is in press. 

MONOGRAPHS. 

Of the Monographs, Nos. n, m, IV, Y, YI, YII, and VIII are now published, vis: 

n. Tertiary History of the Grand Cafion District, with atlas, by Clarence £. Dutton, Capt., U. S. A. 
U83. 4P. xiv. 264 pp. 42 pL and atlas of 24 sheets folio. Price $10.12. 

UL Geology of the Comstock Lodo and the Washoe District, with atlas, by George F. Becker. 
Itta. 4P. XV, 422 pp. 7 pi. and atlas of 21 sheets folio. Price Sll. 

IT. Comstock Mining and Miners, by Eliot Lord. 1883. 4°. xiv, 451 pp. 3 pi. Price $1.50. 

T. Copper-bearing Bocks of Lake Superior, by Boland D. Irving. 1883. 49. xvi, 464 pp. 15 L 
MpL Price $1.85. 

TX. Contributions to the Knowledge of the Older Mesozoic Flora of Virginia, by Wm. M. Fontoine. 
1881. 40. xi, 144 pp. 54 1. 54 pi. Price $1.05. 

Tn. SilTer-lead DeposiU of Eureka, Nevada, by Joseph S. Curtis. 1884. 4°. xiii, 200 pp. 16 pL 
Prlee$1.20. 

Tin. Paleontology of the Eureka District, by Charles D. WolcoU. 1884. 40. xul, 208 pp. 24 L 
11 pL Price $1.10. 



ADVBBTI8E1IENT. 

The llDlliowto|( we In piwti>Tt»i 

IZ. Bwiciitopoda Mid LMn<Mibwnelil>t# of the BirftMi Clayi tad QwMipifl Ijiiit oj ifafr J— wyw 
IvjBobartP.Whttflflld. 1888. if>. kx^tMpp. 8ftpL 

XDinooacate. AMoiiogi^^oraaBstlBetOideriifGiiHrfioliinii^ 
1888. 4P. — »— pp. S8pL 

XL QeologlMl Hlatoiy of Lilw Lnh oii t Mi, a Qiuilwaiy Ltto of y « Mi i wwt ia'»iwiii> ty i 
CookSotaelL 1888. 4^. — ^••-pp. 48 pL 

The fbUowing am In pTCpantioii, Tii: 

I. The PnekmeMetokihyClMeiioe Xing. 

Gtoology Slid Mining Indnstiy of LeedTllle, wi^eflM, 1^8. V. 

Gtocdogy of the Xniolce Ifining Bieteiot, Xeredai, wllh eltea, 1^ Az^^ 

LekeBonneTiUe* hjQ.TL Wbttt, 

SoQiopodai. by Prof. O. C. Hank. 

Stesoeanria, VyPtot O. C. Marah. 

BCIXBTnffB. 



The Bolletina of tlM Suhre J wlU oontaln aiidi pi^en nlallng to the gM^^ 
do not piopfldy oome nader the heada of AXMUAii BiFOBSt or IIOHOOBAFBI. 

Xaeh of 'theaeBolletina will eontain hat one paper and will he oomplete 1b ttaelt Thigr wlO, h0iP> 
orer, he namheredlnaoonttnooiia aeiiM,aiidwlUtBtlmeheiinitedlntOTQliiflMaof ooniTontait iiaa.* 
To flusftttate thia eaoh BoBefin will have two pagfaatfona, one proper to Itielf and another idilflklba 
loDga to It aapart of the Tohuna 

Of thIa aeriea of Bnlletlnt Noa. 1 to 81 axe already pnUldied, Tia : 

I. On Hjpersthene-AndeaiteandoiiTileilnlePyzozflDelBAngHioBodkail^WhltauaOr^ 

a GeologiGal Sketch of BoflUo Peaks, Colorado, V7 8. F.Bmmona. 1888. 8^. 48 n^ tpl. PrleelOewte. 

5. Gold and BOrerCkinTertlonXaloieatglTlng the ooinlBgTalne of Troy oonoea^ 
AIhertWimaois,Jr. 1888. 9>, ii,8pp. PrioeSoenta. 

8. On the Foeeil Fannas of the Upper Be^anian, along the marliHan of 78^ 80^, ttom TompklnaOoaity, 
New York, to BradHord Comity, Peonaybraniakl^BIeny 8. WlUiaoia. 1884. 8^. 88pp. PrIeeSoaBta 
4. On Meoosolc Foaeila, hy Chailea ▲. White. 1884. 9>. 88pp. 9pl. Prloe5oenta. . 

6. ▲ Dictionary of idtttndee in (he United Statea,oomplledby Henry Gannett. 1884. 8o. 818 pp. 
Prioe 80 cento. 

8. Xleyotiona in the Dominion of Canada, hy J. W, Spencer. 1884. 8^. 48 pp. Piloe 6 ooiita. 

7. ICapoteca Geologlca Amerioana. A oatalogne of geoilogioal mapa of Amerloa (Forth and Sonttl, 
1758-1881, by Jnles Marcon and John Belknap Maroon. 1884. 8^. 184 pp. Price 10 centa. 

8. On Secondary Enlargement« of Mineral Pra^nento in Certain Bocks, by R. D. Irving and G. B. 
Yanhise. 1884. 8°. 56 pp. 6 pi. Price 10 cents. 

0. A Keport of lirork done in the Washington Laboratory during the fiscal year 1883-*84. F. W. 
Clarke, chief chemist; T. M. Chatord, assistant 1884. 9>. 40 pp. Price 5 cents. 
10. On the Cambrian Faunas of North America. Preliminary stodiee by Charles Doollttle Walcott. 

1884. SP. 74 pp. 10 pi. Price 5 cents. 

II. On the Qna^mary and Recent Mollosca of the Great Basin ; with Descriptions of New FOrma, by 
B. Ellsworth CaU ; introdaced by a sketch of the Qnatemary lAkes of the Great Basin, by G. K. 
Gilbert 1884. 8^ 86 pp. 6 pi. Price 5 cents. 

12. A Crystallographic Study of the Thinolite of Lake Lahontan, by Edward S. Dana. 1884. 8^, 
34 pp. 8 pi. Price 5 cents. 

13. Boundaries of the United States and of the several States and Territories, by Henry Ckmnett 

1885. 80. 135 pp. Price 10 cents. 

14. The Electrical and Magnetic Properties of the Iron-Carburets, by Carl Barus and Yincent 
Stronhal. 1885. dP. 238 pp. Price 15 cents. 

15. On the Mesozoic and Cenozoio Paleontology of California, by Dr. C. A. White. 1885. SP. 83 pp. 
Price 5 cents. 

16. On the higher Devonian Faunas of Ontario County, New York, by J*. M. Clarke. 1885. 8^. 
86 pp. 3 pi. Price 10 cents. 

17. On the Development of Crystallization, etc., by Arnold Hague and J*. P. Iddings. 1885. 9P. 
44 pp. Price 5 cents. 

18. On Marine Eocene, Fresh-water Miocene, and other Fossil Molluscs of Western North America, 
by Dr. C. A. White. 1885. 8°. 26 pp. 3 pi. Price 5 cents. 

19. Notes on the Stratigraphy of California, by George F. Becker. 1885. 8^. 28 pp. Price 5 centa. 

20. Contributions to the Mineralogy of the Rocky Mountains, by Whitman Cross and W. F. HiUe- 
brand. 1885. 8P. 114 pp. 1 pi. Price 10 cents. 

21. The Lignites of the Great Sioux Reservation, by Bailey Willis. 1885. 8^. 16 pp. 5pL Price 
5 cents. 

Numbers 1 to 6 of the Bulletins form Yolnme I, and numbers 7 to 14 Yolume IL Yolume IH is not 
yet complete. 

^ The following are in press, viz : 



ADVERTISEMENT. 

^ OnirewChretaoeoQfll'MBilafhimCallfonilA^byCniaiiMA.WUte,^ 1865. 9ft, —pp. 5pL 
PiiM — oento. 

28. The Jimotlon between the Saetem Sendatone and the KeweeoAw aeriee on Keweenaw Pointy by 
B.D.IrTfaigaiidT.C.Chamber]Ain. 188S. 8o. —pp. 17 pi. Price — oenta. 

24. Liat of Marine MoUnaca, oompriaing the qnstemMy foaalla and reoent forma fhnn Amerioan 
looalitiea between Cape Hatteraa and Cape Boqne, including the Bermodaa, by W. H. DalL 1885. 8^. 
«- pp. Price — centa. 

8TATI8TIGAL PAPBB8. 



A fourth aeriea of pnblioationa having ai>eoial reference to the mineral reaoorcea of the United Statea 
la contemplated. 

Of that aeriea the flrat haa been pnbUahed, via : 

Mineral Beaonroea of the United Statea, by Albert Williama, Jr. 1888. 9P. zvii, 813 pp. Price 50 
centa. 

The aecond volnme of thia aeriea. Mineral Seaonrcea 1883 and 1884, ia in preparation and will aoon 
be pnt to preaa. 

Correapondence relating to the pnblioationa of the Surrey, and all remittancea, which muat be by 
^OWTAL Kora or Momnr obdxb, ahould be addreaaed 

To THB DlBBCTOB OV THB 

Uhitbd Statu Giolooioal Subvbt. 

WtuMnfftion, D. 0, 
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liBTTBR OF TBANBMITTAIi. 



Department of the Interior, 
United States Geological Survey, 

Washington J April 13, 1885. 

SiB: I have the honor to transmit herewith a reiK>rt on the lignite 

beds of the Great Sioox Beservation, Dakota, the result of the survey 

ordered in your instructions to me under date of July 17, 1884. 

Very respectfully, 

BAILEY WILLIS, 

OeologisU 
Hon. J. W. Powell, 

Director United States Oeologioal Survey. 
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LIGNITES OF THE GREAT SIOUX RESERVATION. 



By Bailet Willis. 



INTRODUCTORY. 

Under the instractioDS of the Director of the United States Geologi- 
cal Survey, dated July 17, 1884, a party was organized and started from 
Mandan, Dakota, on Jaly 24, to determine whether coal-beds of eco- 
nomic value exist within the Great Sioux Beservation, particularly near 
the Moreau Biver, and, if so, to define the limits of the coal-field. 
The party proceede<1, by way of Standing Rock Agency, to the mouth 
of the Moreau (Fig. 1), where it was detained five days by Cheyenne 
Indians. It then went westward over the high prairie within the 
bend to the north which the Moreau makes in approaqhing the Mis- 




Fio. 1.— Month of the Moreau, looUng north. 

sonri, crossed to the north bank 21^ miles west of the latter river, and 
ascended to the divide between the Moreau and Grand rivers. 

Upoi^ this long, narrow plateau, 60 miles from the Missouri, the first 
beds of inferior lignite were found. With a greatest thickness of ^ feet 
4 inches, these beds possess no commercial value; and, though the 
energies of the party were devoted to an examination of this formation 
for good ftiel over an area of 2,000 square miles, the search was in vain. 

(341) * 9 
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LtavtrSfl or thc oreit siocx BEaeBUTioH: nu>)l 



It may be definitely nid there Is no woricable ooal of anj Mnd wfthln 
the area nuYeyed ; the tad mipply will be limited to tiie. aoat{cnd 
groves at cottonwood along the priooipal straams ftxr a period d^eod- 
eot on the growth of transportation fitcilities; and the aeandty of flwl 
aad water win prevent doae settlement for a long tunoi 



DXSOSimVE, 

liie general easterly oonrse of the rivers flowing throngh tihe Sioux 
'Beservation to the Hissonri defines the gentle slope of the plateaa ly- 
ing east and northeast of the Black Hills ; at Its eastern rim, along the 
Hissonri, its elevation is aboat 4U0 feet above the river, or 1,900 fbet 
above the sea, and the ssoent westward Is barely perceptible. 

Into this ^tean Uie Cheyenne, Morean, Orand, and CannoD-batI 
Bivers have cnt tcvtoons, narrow valleys, 200 to 300 feet lower tfaaa the 
blnlb that booDd them, and the small tribataries of these stxeaaia 
have slashed the bordering highland into an intricate -radiating iTstess 
of golohes and ridges. Between the waterways extend strips iriT Tolling 




FM. £.— BlnSi at tha bead of Cotttmwood Crack. 



praitie, npon which stand isolated tmucaEed or conical battes 100 to 
250 feet hifth, witnesses of the degradation safl'ered by the soft strata 
of the old plain. 

Water flows stjiggisbly the year ronnd in the larger tribataries of the 
K (342) 
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rivers, sucli as Flint, Oottonwood, Black Horse, and Thunder creeks, 
and may be found in water-holes in many of the gulches throughout 
the summer. Those streams that have cut down into the dark ^< gumbo ^ 
day of the Missouri bluffs are alkaline, while those which iiow over the 
sandy beds of the Laramie are often only slightly so, or quite pleasant 
to the taste. 

Within the area of the accompanying map the valleys of Cottonwood 
creek and of the Moreau slope directly south of it, are localities of 
greatest erosion, which partake of the bad land character, and their sur- 
&ce is scored with naked gullies (Fig. 2). The remaining greater por- 
tion of the region is grass-covered, and the ^'lay of the land " is favora- 
ble to stock-raising. 

An interesting feature of the surface geology is the occurrence of ^ 
erratic blocks of quartzite and granite on many of the elevations of the 
prairie. Some pieces of the quartzite contain silicified wood, which 
probably identifies it with the Dakota quartzites of the Black Hills, 
but more firequently the fragments are pierced with casts of stems from 
which the core has been removed. The surfaces of the blocks are highly 
polished by drifting sand, as was first shown by Dr. 0. A. White, and 
the silicified wood has apparently been excavated from these casts by 
the same means, aided by alkali. 



GEOLOGY 

From Mandan to the Moreau and thence west to Babbit butte two 
deposits were recognized, which have been determined by Mr. J. B. 
Marcou to be of the Laramie and Fox Hills formations, both of which 
are placed in the Oretaceons group in the present classification of the 
Ctoological Survey. They are conformable throughout this region, and 
the boundary between them is often not easily defined. 

The following table indicates the evidence of age : 



BViinmtioiL 



TTppflrVbx Hills. 
TmBSQB 



Lower "Fox Hills 
<3sFort Pierre 
of HATden in 
put) 



Fossils. 



( Oatrta glabra, H. & H. 
\ Melamia imculpta, M . . 



{ 



Taneredia Ainerieana,'M.. ScH 

' OucuUcM (Idontarea) Shumardi^ M. Sc 
, H 

SeaphiUi Oheymnentit, Owen (sp.). . . 
. Turri$ (Surcuia) f eontortut, M. SlH.. . 

VoUeUa aUenuata, M. ScR 

Seaphitst Oonrad/; var. intermediua, 
M. &H 

SeaphUet Oheifennentis, Owen (sp.) . . . 

Ptana ( Oxytoma) Netfrtueana, E. & S . 

Spironema Unuilineata, M. Sc 11. (sp.) 

Oucutkta exiguat M. & H 
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Lithology. 



Light-yellow, gray, and dark-brown 
sandstones and arenaceous shales, 
with thin beds of lignite and iron 
nodules. 

Brownish sandstone. 

Orayish-blne shale below brownish nn- 
fossiliferoas sandstone. 



Dark-gray to blue-black teoacions slka 
line clays, locally hardened to compact 
clay rook. 
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LIGNITES OP THE GHEAT SlOUX EE8ERVATI0N. {MJufL 



Rising firom the Missonri over the dark clays of the lower formatioli 
(which in lithologic character corresponds to the upper part of Hay- 
deu's Fort Pierre, bat is paleontologically identifiable with the Foic 
Hills), tbe Laramie first appears as a hard, gray, fine-grained sand- 
stone, capping the isolated battes on the platean, which near the Mo* 
reaa begin abont 35 miles west of the Missonri. The following sketch 
shows the effect of these caps on Flint Greek blnffs. (Fig. 3). 

With the irregularity of character and thickness of the Laramie beds* 




Fio. 8.— Sandstone blnffs on Flint Creek. 

this sandstone grades over large areas into arenaceous shale or becomes 
soft and incoherent, and there is then much difficulty in determining its 
correct position. 

Tbe Laramie fossils were taken from accumulations of broken shells 
just above the horizon of this sandstone on Cottonwood and Thunder 
creeks, where they formed beds 6 to 15 feet thick and of several hun- 
dred feet lateral extent, evidently the wash of eddies. 

The upper Fox Hills Taneredia was found m a brownish sand imme- 
diately below the gray Laramie sandstone at the lower crossing of Flint 
creek (see Plate II, Fig. 5); the Fox Hills fossils are from a gray shale 
immediately underlying a similar brownish sand-bed on the Morejiu one- 
half mile below the mouth of Thunder creek; while those assigned to 
the Fox Hills and Fort Pierre represent a horizon still lower in the blue 
clays in a locality on Grand Eiver 15 miles east of Flint creek. Thus 
it appears that there is a gradual transition in this locality from the 
upper Fort Pierre clays through not more than 100 feet of Fox Hills 
beds to the lower sandstone of the Laramie. 

The strata are practically horizoutal over large areas, but sometimes 
show local dips of 1^ to 3^. On the assumption that these local dips 
balance each other between the eastern liniit of the Laramie on the 
Moreau iind the top of Rabbit butte, the observed thickness of that 
formation is about 700 feet — probably less than half the original thick- 
ness over this area. 
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The two thickest sections observed are those illustrated in Figoies 1 
and 2 of Plate I, and Figures 5 and 6 of Plate in. 
The first is 348 feet, and the second 476 feet thick. If 
we could assume that the strata were absolutely hori- 
zontal from Black Horse butte to Habbit Greek, these 
two might be combined to form a section of 746 feet ot 
the lower Liiramie, which would include thirteen lig- 
nite beds ; but aside from the improbability of absolute 
horizontality of the beds over a distance of thirty odd 
miles, the section would have no representative value, 
as the beds of sandstone, shale, lignite, and iron ore 
pass into each other by abrupt changes of composition. 
This is illustrated in Plates II and III, where the sec- 
tions are placed as nearly as possible in their relative 
vertical positions. 



s 

I 



COAL. 

The reports of the existence of coal in the Sioux 
Beservation, which led to this exploration, originated 
in the presence of lignite in sufficient quantity to fur- 
nish good specimens, and in the representations of In- 
dians that they had found pieces of eastern coal, shown 
by tbem, on the reservation ; which was true in so far 
as they found them at the agency blacksmith shops. 
There is no other coal than lignite on the reservation, 
and that is of poor quality. This result agrees with 
all observations of the Laramie coal-beds, which occur 
as typical lignites over thousands of square miles in the 
west, and are only altered to more condensed fuels in 
regions of intense local metamorphism. 

The best exposure of lignite found is represented in 
Fig. 4. It crops out in a little roll of the surface on 
one of the head branches of Flint creek. A careful 
section of a fresh cut gave : Roof (gray clay); earthy 
lignite, 3 inches ; lignite, 2 feet 4 inches ; earthy lignite, 
6 inches; foot- wall (gray clay). 

Three hundred feet to the right of the section a bed 
of nodules of iron carbonate replaced the lignite. Four 
hundred feet off on the other side it had deteriorated 
to a brown clay. The other carbonaceous beds, ranging 
from brown shale to fair lignite, are shown in their 
proi>er relations on Plates I, II, and lU. 

The manner in which these beds suddenly end is shown 
hi one of the many cases observed iu the lowest layer of Fig. 6^ Plate IIL 

(345) 
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LIGNITES OF THE GREAT SIOUX BESEBVATION. 



As indicated, in Fig. i, lignites sometimes occupy the same horizon 
with nodular iron ores. The two have not been observed intermingled, 
though they might occur thus, and would then form blackband ore. 

The iron nodnles are of gray carbonate of iron, oxidized on the out- 
side to limonite, which often hau a dark reddish tint indicating an ap- 
proach to the composition of hematite. The shrinkage in volume of 
this oxidized layer cracks it into polygonal bits that adhere firmly to the 
unaltered core. In this respect these carbonates diU'er from those of the 
eastern coal measures, which alter into shells of limonite, readily sepa- 
rable &om each other and from the core. 

These ores are too far from fuel and limestone to have commercial 
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The pubUoations of the United States Geological Survey are iseaed in aooordance with the ttatate, 
appfOTed ICaroh 8, 1879, wliich declares that— 

" The pablieations of tiie Geological Snrvey shall consist of the sannal report of operations, geological 
and eeonomio maps iUustrating the resonroes sad olassiflcation of tiie lands, and reports npon general 
and economic geology and paleontology. The annual report of operations of the Geological Sorr^y 
■hall aooompany the annnal report of the Secretary of the Interior. All special memoirs and reports 
ci said Surrey shall be issued in uniform quarto series if deemed necessary by the Director, but other- 
wise In ordinary octavos. Three thousand copies of each shall be published for scientiflo exchanges 
and for sale at ^e price of publication ; snd all literary snd cartographic materials received in exchange 
■hall be the property ot the United States snd form a part of the library of the organisatioin : And the 
BMmey resulting from the sale of snch publications shall be covered into tiie Treasury of the United 



On July 7, 1888, the following Joint resolution, referring to all Government publications, was passed 
by Congress: 

*' That whenever any document or report shall be ordered printed by Congress, there shall be printed 
Id addition to the number in each case stated, the 'usual number' (1,800) of copies for binding and 
dSstribntion anumg those entitled to receive them." 

Under these general laws it will be seen that none of the Survey publications are Itimished to it for 
gntnttons distribution. The 8,000 copies of the Annual Beport are distributed through the document 
rooma of Congress. The 1,800 copies of each of the publications are distributed to Uie officers of the 
lagislatiTe and executive departments snd to stated depositories throughout the United States. 

Except, tiierefore, in those cases where an extra number of any publication is supplied to this office 
by special resolution of Congress, as has been done in the case of the Second, Third, Fourth, and Fifth 
Annnal Beports, or where a number has been ordered for its use by the Secretary of the Interior, as in 
fhe ease of Mineral Besources and Dictionary of Altitudes, the Survey has no copies of any of its pub 
lieations for gratuitous distribution. 

ANNUAL REPORTS. 

Of the Annual Beports there have been already published : 

L First Annnal Beport to the Hon. Carl Sohnn, by Clarence King. 1880. 8o. 79 pp. 1 map.--A 
preliminary report describing plan of organization and publications. 

n. Beport of the Director of the UiUted States Geological Survey for 1880-*81, by J. W. PowelL 
1882. 80. Iv, 688 pp. 61 pi. 1 map. 

m. Third Annual Beport of the United States Geological Survey, 1881-'82, by J. W. Powell. 1888 
8^. xviii, 664 pp. 67 pL and maps. 

17 . Fourth Annual Beport of the United States Geological Survey, 1882-'88, by J. W. PowelL 1884. 
8^. zii, 478 pp. 85 pL and maps. 

The Fifth Annual Beport is in press. 

MONOGRAPHS. 

Of the Monographs, Kos. n, HI, lY, Y, YI, YII, and YIU are now pubUshed, vis: 

n. Tertiary History of the Grand Cafion District, with atlas, by Clarence B. Dutten, Capt., U. S. A. 
1882. 40. xiv,264pp. 42 pL and atlas of 24 sheets foUo. Price $10.12. 

m. Geology of the Comstock Lode and the Washoe District, with atlas, by George F. Booker. 
1882. 40. XV, 422 pp. 7 pi. and atlas of 21 sheeU folio. Price 811. 

lY. Comstock Mining and Miners, by Eliot Lord. 1888. 40. xiv, 461 pp. 8 pL Price $1.50. 

Y. Copper-bearing Books of Lake Superior, by Boland D. Irving. 1888. 4^, xvi, 464 pp. 16 1. 
20 pL Price $1.85. 

YL Contributions to the Knowledge of the Older Mesosoio Flora of Yirglnia, by Wm. M. Fontaine. 
1888. 40. xi,144pp. 64L 64 pL Price$1.06. 

YU. Bilver^lead DeposiU of Surek% Nevada, by Joseph S. Curtis. 1884. 40. xiii, 200 pp. 16 pL 
PrleefL20. 

YIIL Paleontology of the Boxeka Dirtriot, by Charlee D. Waloott. 1884. 40. xiii, 298 pp. «iU 
94pL Prioe$1.10. 
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ax Gtotogtoil HMoiy €f lidto Irf^hoBlin, * QMMia«7 1^ 
OookBnMD. USB. 4fi. -^<^9f* MpL 
Tlw ll»noirlDg «• to piipMiittoii, Tias 
L Xh6 Fineloas IMOiib by ObcmM Xtaf. 

Ctooloffy «f tlw Xoidui MSalBg l>irtdat, Vtvida^ irlA aOM, ^ 
Lake BoDBturflkb bj €^* X* CMIbaKl 
fiawrapbda^ bgr Prat 0. 0. Mndu 

O-aXtadu -^ 

BUIUniBM. 



Xha BaltotlM of Iha Sarfay wffl aMMb aMk fipan filMlQS to tta iiBiBifal potpfae «r 



oftiMaaBaUallnawffla nnt a i ablaiiaiapagaadwiabaoi B^lB lBlaitoaHL T1hqr«ffl« 

To flMiUiato tiUla aaah Baflatift wffl kvfa tpa iMgtoaMoBa, aM ye^ 
laana to tt aa fart af tta vatett^ 

Of tola aadM «f Baamia Sto. 1 to » aia aliaady 9«Ufih«<, Tiat 

1. Qa BjpaniluBa. AaAMlto aaA aa Ttfdtoto PyiadUM to AMMfo Baitay b^ 
aGaalaglflall^«tohofBBflaaPaaka,ColaMa.l7S-V<ABiBaM. Utt. 8». ttpp. Spl. PriaaMaaMla. 
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▲nMKfWnUaBiatJr. isn. 80. lt|S]ip. MeaS'aflnia. 

B. QntliaVoadlVlBaaaaoftliairppwDafwrfiBtalaBfftliaBi^^ 
VawYcckttofiiadlbKdCovB^.PaaBiylfaniakbjBanyS^WlIllaaM UM. 8^. Mpp. FktoafatMli 

4.QnACaaoaoloiyiMi]a.l70hadiaiL.WUto. 1881. 80. 889P. 89I. FriaaS'aaato. 

P, ± PloUtiMi J nf Allltoflat la Ibii TTnltafl fltolaa, ownpllaflbj TTmaij diwiian 1881. 8^. 8Vpffb 



e.nantiaMfaillielteilai0BafO«Miakbjjr.ir.8paMW. 1884. 8>. Upp. Fiiaa8 

7. MapotooaGaoiagioa AaMaieaaa. AaaMafMof fctologlaitauvaaf AflMdeatVatOiaadaaaliil^ 

1768-1881, by Jnlea ICaroon and Jobn BeUoisp Marooa. J884. 8^. 184 pp. Prf oe ID oenta. 

8. On Secondary Enlargaments of Mineral Fragmenta in Certain Rooks, by B. D. Inrlng and C. PL 
Yanhiae. 188A. SP. 56 pp. 8pL Price 10 oanti. 

9. A Beport of work done in the Washington Laboratory during the flacal year 1888-'84. T. W. 
Clarke, chief chemist; T. IC. Chatard, assistant. 1884. 9P. 40 pp. Price 5 cents. 

10. On the Cambrian Faunas of North America. Prdiminary studies by Charles DooUttle Waloott. 
1884. 8P. 74 pp. 10 pi. Price 6 cents. 

11. On the Quaternary and Recent MoUusca of the QreatBasbi; withDeaoriptionaof Kew iyinna,by 
B. Ellsworth Call; introdnced by a sketch of the Quaternary Lakes of the Great Basin, by 0. K. 
Qilbert 1884. 89, 66 pp. 6pL Price 6 cents. 

12. A Crystallographic Study of the Thinolite of Lake Lahontan, by Bdwaid S. Dana. 1884. 8», 
84 pp. 8 pi. Price 6 cents. 

18. Boundaries of the United States and of the several States and Territories, by Henry Qannatt. 
1886. 80. 185 pp. Price 10 cents. 

14. The Electrical and Magnetic Properties of the Iran<Carburets, by Csil Bsros and Vinoent 
Stnmhtd. 1885. SP. 238 pp. Price 15 cents. 

15. On the Mesozoic and Cenozoic Paleontology of California, by Dr. 0. A. White. 18B5. 8^. S3 ppw 
Price 5 cents. 

16. On the higher Devonian Faunas of Ontario County, New York, by J. M. Clarke. 1885. 8^. 
86 pp. 3 pi. Price 10 cents. 

17. On the Development of Crystallisation, etc., by Arnold Hague and J. P. Iddings. 1885. 9P. 
44 pp. Price 5 cents. 

18. On Marine Eocene, Fresh-water Miocene, and other Fossil Molluscs of Western North America, 
by Dr. C. A. White. 1885. 80. 26 pp. 8 pi. Price 5 cenU. 

19. Notes on the Stratigraphy of California, by George F. Becker. 1885. 99. 28 pp. Price 6 oenta. 

20. Contributions to the Mineralogy of the Bocky Mountains, by Whitman Cross and W. F. Hille- 
brand. 1885. S9. 114 pp. 1 pf. Price 10 cents. 

21. The Lignites of the Great Sioux Beservation, by Bailey Willis. 1885. 89, 16 pp. 5 pL Pries 
Scents. 

22. On New Cretaceous Fossils from Califomia, by Charles A White, M.D. 1885. 80. 25 pp. 5pL 
Price 5 uents. 

Namben 1 to dot the Bulletins form Volume I, and numbers 7 to 14 Volume IL Volume HI ia not 
jret complete. 



ADVERTISEMENT. 

The Mlowliix am in imas, riz: 

28. The Jtmotlon belween the Bastem 8«id»toiie and the Keweenaw aeriea on Keweenaw Point, bj 
B. D. Irving and T. C .Chamberlain. 1885. 6P. — pp. 17 pL Price — centa. 

24. Liat of liarine ICollnsca, comprising the qnatemary fosaila and reoeot forma from American 
localities between Cape Hatteras and Cape Boqne, including the Bermudas, by W. H. DalL 1885. 8P. 
— pp. Price — centa. 

25. The Present Technical Condition of the Steel Indostry of the United States, by Phineaa Barnes. 
1885. 8^. —pp. Price — cents. 

26. Copper smelting, by H. M. Howe. 1885. BP. — pp. Price — cents. 

STATISTICAL PAPRRS. 



A fourth series of publicatiuos having special reference to the mineral resources of the United States 
is contemplated. 

Of that aeries the first has been publishedL viz : 

Mineral Besources of the United States, by Albert, Williama, Jr. 1888. 9>. zvii, 818 pp. Price 50 
cents. 

The second volume of this series. Mineral Beeouroea 1888 and 1884, is in preas. 

Correspondence relating to the publlcationa of the Survey, and all remittances, which muat be by 
POSTAL Hora or MOKXT OBDKB, should be addreaaed 

To TRB DXBIOTOB OF TH> 

Uhrbd Statm Gboloozoal SuBvnr, 

WiBuMngton^ D. 0. 
Wabhimotov, D. Ch JyXn 28, 1888. 
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ON NEW CRETACEOUS FOSSILS FROM CALIFORNIA. 



By Ohaelbs a. White. 



GENERAIi REMARKS. 

In Balletin No. 15 I referred to certain Cretaceoas strata which are 
foand in Mendocino County, California, and Todos Santos Bay, Lower 
California, as belonging to a series which probably occupy a position 
between the Chico and Shasta Groups. I have not had an opportunity 
to personally examine the strata at either of the localities referred to, 
but those of Mendocino County have been examined by Dr. O. F. 
Becker, of the U. S. Geological Survey, and he has submitted to me for 
examination a small collection of fossils which he obtained there. Two 
or three small collections have also been sent to the U. S. National Mu- 
seum fh>m the Todos Santos Bay locality by Mr. C. R. Orcutt, of San 
Diego. Owing to the generally disturbed condition of the strata of the 
Pacific coast region and the limited exposures of the strata in question, 
comparatively little has been learned as to their relations with the other 
formations of that region. Dr. Becker found the strata of Mepdocino 
*Goanty to consist of a large series of sandstones and sandy shales, with 
some argillaceous layers. He reports the series there to reach some 
thousands of feet in thickness, and in general aspect and composition 
to doeely resemble the Chico Group as it is known in California. The 
exposures which he examined extend fh>m a little north of the town of 
Wallala^ to the neighborhood of Fort Ross; and the fossils which he 
collected from those strata were found near the water's edge upon the 
shore of the Pacific Ocean, presumably near the base of the series. He 
found those strata resting unconformably upon a metamorphic series 
which he believes to be equivalent with the Ejioxville beds of the 
Shasta Group, but he was unable to discover any contact with the 
strata above them. 

The strata at the Todos Santos Bay locality, which upon paleontology 
ical grounds 1 regard as equivalent with the Wallala beds, appear from 
Mr. Orcntt's notes accompanying his collections to be only slightly ex- 
posed there. The locality is about 60 miles south of the southern 
boundary of the Stat« of California, at the southern shore of the Bay, 

>Tbis is regarded as the oorrect spelling by Dr. Becker, bat apon some maps the 
spelling is given as Onalala, and by some persons the name is spelled Walballa. 
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8 N£W CHEfACEOtJS FOSSILS FROM CALIFORNIA. \mjun, 

and at the base of a sea-cliff some 40 or 50 feet in height The layer 
from which Mr. Orcatt obtained the fossils which are described in tliis 
balletin has an exposed thickness of only some 5 or 6 feet, and it is so 
near the water's edge as to be nearly reached by the tides. From Mr. 
Orcntt^s notes I infer that the whole cliff exposure there does not beloi^ 
to the satne formation, but at present 1 have no other informatfo«i thiifi 
that above given. 

Since so little is known of the stratigraphical relations of the Wallala 
and San Diego beds with -other formations, I cannot now discuss them 
fully, but I shall give them the provisional name of the Wallala Group, 
referring those of both localities to one and the same formation. Their 
present discussion must necessarily be mainly paleontological ; and 
although the collections are comparatively so small,, they are, in my 
opinion, of more than usual interest They indicate a fauna which, 
while it is of decidedly Cretaceous character, seems to be quite differ- 
ent from any Cretaceous fauna hitherto known upon the Pacific coast 

Although the two lenities at which the strata of the Wallala Group 
have been found exposed are more than 500 miles apart, and.no other 
strata bearing a similar fauna are known in all that region, I feel quite- 
confident that they are not only equivalent with each other, but thdt 
they represent. a formation which has not hitherto been recognized. 
Still, the collections which have been made are too small to warrant 
the publication of such an opinion with that confidence which the study 
of large collections would give. 

The specimens sent by Dr. Becker are all in a bad state of preserva- 
tion, and a part of them have therefore been determined only generically. 
The following is a list of them: Coralliochama or cutti (n. s.), Ostrea^' 
Inoccramus, Pecten, Gylichna^ Turritella, and Solarium waltdlense (n. s.). 
The Solarium and Coralliochama are described and figured as new spe- 
cies in this bulletin, the latter as the type of a new genus. The Ino- 
ceramus is a large discoid form, some of the examples having had a 
diameter of nearly or quite 30 centimeters. All the specimens of this 
species, however, like those of the remaining members of the foregoing 
list, are too imperfect to allow of more than generic identification. 

The specimens which Mr. Orcutt has sent to the National Museum 
are in a better state of preservation than those of the Wallala locality. 
They represent the following species: Coralliochama orcuttij Nerita 

f, Cerithium pillingi (n. s.), C. totium- sanctorum (n. s.), and Tro- 

chu8 {Oxysiele) euryostomus (n. s.). Besides these, there are certain frag- 
ments in the collection which indicate the existence of other species. 
Indeed it is evident that all the fossils which have yet been found at 
both the Wallala and San Diego localities represent only a small part 
of the fauna to which they originally belonged. They are, however, 
regarded as of sufficient importance to warrant their publication in the 
present form. They represent at least five new species and one new 
genus ; and they seem also to represent the fauna of a Cretaceous for- 

(366) 



^ which has not heretofore been recognized. The chiiracter of 
US to indicate for tbem the age of the Middle Cretaceoas ; 
■ some TOSpeotK they remind one of the Oosau formation of Europe. 



Chamid^. 

OflDOS CORALLIOCHAMA (nov. gen.), 

■Axed by the apex of the lower, or right, valve, growing sepa- 
n olasters. Test thick, cousistiog of three layers, the outer 
f prismatic, the middle cellular, and the inner porceltnnoDs. 
p which was occupied by the animal was very small as com- 
li the bnlk of the shell, aud it is situated eccentrically. Lower 
rei^larly subconical, more or less distorted, much deeper than 
Bvalve; beak distorted as a conscqnence of its attachment to 
B object; ligaroeutal groove more or less distinct, exteudinj; 
t apex to the hinge margin. Upper valvo convex, its beak 
d incurved to the hinge margiuof the lower valve; ligamental 
imoi^inal; iDteroal cavity partially divided into unequal parts 
riUOTe or less prominent longitudinal septum. Hinge essentially 
■e u that of Plagioptychua Matherou, Ickchyoaarcotithea Desma- 
i^and Caprina d'Orbigny. 
t test of both valves consists of a thin outer prismatic layer, a thick 
r middle layer, and a thin porcellanous inner layer. The middle 
*f!iver constitutes the bulk of both valves. In the lower valve it consists 
'"'^ Blender angular thin-waUed tubes which extend the full length of 
"* 'the valve, iucreasing in number with the increasing size of the shell, 
*' eadh tabe being divided into small cells by numerous thiu transverse 
paititloiw. Thestmctnre thus produced somewhat resembles that of a 
oonl of tbe Favoaitidfe, and it is also closely similar to that of correspond- 
ing parte <tf BadioUtea and Splutmlitei. The inner portion of the middle 
lljjwr (tf the npper valve has the same cellular structure as that which 
hM Jnit been desoribed for the lower valve, except that tbe longitudinal 
amu^ment of the cells is not so evident ; and the teeth of both valves 
«,BialaIy or wholly oomposecl of sbell-substance which possesses this 
r stnictnre. The outer portion of tbe middle layer of tbe upper 
jbowever, hoe a structure similar to that which is possessed by the 
■alve of Flagioptychus. It consists of Dnmerons tbin, close-set 
log vertical plates or septa which extend fhim the beak to the ttee 
|,tbeir outer edges abutting against the outer prismatic layer, and 
( inner edges they blend with tbe inner cellular portion of the 
klayer. 

i proposed new genus stands near to PUigioptj/ekia, lAtkj/omreo- 
^aod Caprim^ (freeing with them all in tbe general j^ 
I and (rf the ligamental grooves, and in the pre 
c BbeU-l{tyer. It further agrees with Plagio^ 
(367) 
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nreoftheouterjiortionof tliemiddleslielllayerof the upper valve; hnt 
it disagrees with that geons in the multicellular structure of the thick 
middle layerof the lower valve, and thatof tlie inner jwrtion of the mid' 
die layer of the upper valve ; those portions being i>orcellaDons in Pla- 
^ptyohvfi? Comparing the shell-structure of Corallioohama with that ol 
IchtkyosarcoUthes, the cells of the former are seen to be mnch more not' 
form iu size; and the large so-called water-chambers in the tbick sbell- 
walU of the latter are wanting in those of the former. Also the sleO' 
der radiating plates or septa of the outer portion of the middle layer 
both CoraUtocAamaandP/aj^qpfycAiu are apparently wanting in Ichtkj/o 
saroolithes. At least such a structure seems never to have been d*- 
Bcribed. 

It is quite evident, however, that there is. homological relationship 
between Caprina, Plagioptychvn, Ichthyosarcolitkes, and CoralUoehamOj 
ae regards the cellular character of their shells. The radiating canals 
of the upper valve of Caprina (which se^m to be foreshadowed in Mono- 
pleura by a radiate striation that is sometimes observable), may tbns 
be compared with the narrower interspaces between the radiating septa 
which characterize the np[}er valve of Pldgioptyckun and of Corallio- 
chama. In like manner the simple so-called water-chambers of the 
lower valve of Caprina may be compared with the complex cellalar 
structure of the corresponding valve of Icktkyosarootitkes and of Coral- 
lioehama, rt aching tbe maximam of subdiviHiou, if not of complexity, 
in the latter fen its. 

CoialUooliuiia orenttl (ip. uov.) 

(Plk*Ml,U, ni, andlV.} 



Shell reaching a large size, growing both singly and in cltiBtera, ma 
example in the collection showing a clnster of eight iDdiTtdoola. Lower 
valve irregQlorly mbpyramidal, aanally mnch elongated and mote or 
less distorted; its free larder transverse or obliqae, the posterior side 
in tbe latter case being tbe lower; ligamental groove somewhat distino^ 
the space which was'occapied by the animal comparatively small, ec- 
centric, the thinnest portion of tbe shell-wall being at the part which 

■ It la proper to remark that in all theae comp viaans with tbe genera named, I liave 
had in mind the emended generic diagnoeei wbioh are given in Zitt«l and Schimpei'i 
Handbnch der Palnontologle ; and which eeem to me to be correctly set Tortb by 
thoM antbOTB. The genTu Plofieptfekni has not hitherto been known in North 
Amerioa, and I bave not had an opportnuity to examine the ahell'^tnicbm of frntben- 
tio Bpecimena of that genns; bat I cannot believe that those eminent savants would 
bave vveilooked in Plagiopigoliiii anch a mnlticellnlar atmotnre as oharacteritea tbe 
genoR ben piupoaed, Aud which ia its diatiuguisbiDg oharaoteriatio. It will be aeaii 
that tbia proposed new genas reata mainly or wholly apon the mnltleellalar atmotnn 
of the principal part of the ahell ; and that tbla atraotore ia id eapeolal oontraat with 
tbe poroeUanons textnn of tbe oorreaponding parta of Flasiopt^nt. 
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corresponds to the postero-basal part in ordinary bivalves. Surface, 
when the outer prismatic layer is present, marked by fine longitudinal 
lines, and somewhat more distinct concentric lines of growth. The 
coarser markings of the valve consist of a greater or less number of con- 
centric undulations, which are crossed by longitudinal corrugations 
that are usually more conspicuous upon the side which bears the hinge, 
especially the part adjacent to the hinge margin. The prismatic layer 
is moderately thin, and is composed of minute vertical prisms which 
are visible only under a lens. The middle shell-layer reaches a maxi- 
mum thickness in old shells of nearly or quite 30°"". This layer is com- 
posed throughout of a mass of very small, angular thin-walled cells. 
The celb have a good degree of uniformity of size, their longitudinal 
arrangement and angular shape being quite distinctly seen by side view 
of weathered specimens. By vertical view they are seen to be of irreg- 
ular shape and arrangement, but concentric lines of accretion are some- 
times observable in cross sections of the valve. The inner porcellanous 
layer is thin, and under a lens it is seen to consist of numerous con- 
centric lamina. 

The upper valve is broadly convex, becoming large and strongly 
arched in old shells ^ beak prominent, broad, incurved and usually di- 
rected a little forward, but sometimes it has a slight backward inclina- 
tion. SurfiEice, when the outer prismatic layer is present, having an 
approximately smooth aspect; but it is marked by numerous lines of 
growth and a multitude of very fine radiating lines. Specimens having 
the prismatic layer exfoliated or weathered off show the edges of the 
numeroQS close-set radiating septa of the outer portion of the middle 
layer. These septa are moderately deep, and are so joined together by 
their inner edges in pairs and double pairs, that the innermost spaces 
between them are wider than those which appear at the outer surface 
of the layer. The inner portion of the middle layer has a structure es- 
sentially the same as that which the whole of the middle layer of the 
lower valve possesses, but at the thinnest portion of the upper valve 
this cellular portion of the middle layer is obsolete or wanting especially 
in young shells. The fact that the specimens of this collection are so 
frequently crushed by pressure shows that they were not so strong as 
their great thickness would indicate. 

All the details of the hinge have not been clearly ascertained. The 
principal tooth of the lower valve is known to have been very large and 
prominent, filling a large part of the space upon the posterior side of 
the septum of the upper valve. The anterior tooth of the upper valve 
is not well defined from the cardinal end of the septum, but the posterior 
tooth is narrow, prominent, comparatively long, and curved outward. 

Fully adult shells reached a length of more than 200"", and a diameter 
at the tree margins of 90"" or more. 

Upon a preliminary examination of the collections sent by Mr. Orcutt, 
and the less perfect examples obtained by Dr. Becker, owing to the 
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12 NEW CRETACEOUS FOSSILS FROM CALIFOHNIA. [Birtj.. » 

molticellular stmetare of the shell, which was conspicaonsly seen, I re- 
garded this form na belonging to the geniiB SpluErulites. But aft«r a 
more carefal study, and working a separated upper vaive out of its im- 
bedding matrix, it was found to possess the hinge-strnctare that has 
jast been described. The epeci&c name is given in honor of Mr. O. B. 
Orcott, who first discovered it. (Museum No. 12698.) 

Locality: Shore of Todos Santos Bay, Lower Colltbrma; and near > 
the town of Wallala, Mendocino County, California. 



I 



Trochid^. 

Genua TR0CRU8 LinnnnB. 
Subgenus Oxtstelb Pbilippi, 
Troohua (0^at«le) eniyofitomtis (ap. i 
(PIotB V, Figs. 0, 10, and 11.) 



Shell small, depressed -siibturbiniite ; volutions about fonr in amnlM 
rounded, and, at the distal border, more or leas distinctly appressed 
against the precediug volution ; aperture comparatively large, and, in 
adult shells, the inner lip is appressed against the Inst volntioD as a 
callns covering of a portion of the base of the shell, but its margin being 
a little elevated, it forms, together with the thin onler lip, a continuous 
margio to the aperture. In immature sheUs the cirilaR of the ionwiip 
is not formed, and the margin of the aperture is therefore not then coo- 
tinaoDS. Surface marked by nnmeroos sharply raised revolving, aome- 
whatoreuulated ridges, separated by grooves of similar widtii. (Moseoa 
No. 13410.) 

Height, &~ ; greatest diameter of the last volution, 8^". 

Locality: Shore of Todos Sttntos Bay, Lower Oalifomia. 

Oenns NBBTTA Liniueiu. 

n«rita 7 

(PUte T, Fig*. 7 and S.) 

Among the fossils whioh Mr. Orcutt obtained at the Todos Santos 
Bay looalityare a few examples of a smtUl speciesof Nerita. The largest 
examples are only some 5 or6~" in diameter, and, although nearly per- 
fect, they do not possess Hufflciently salient features to enable one b> 
diagnose them satis&ctorily from the very numerons simple forms of that 
genus already known. (Mnsenm "So. 13411,) 
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Cebithudjb. 

Genas CEBITHIUM Bragoiere. 

Cdrithiom pillingi (sp. nov.)* 

(Plate y, Figs. 3, 4, 5, and 6.) 

Shell small ; spire comparatively short ; volutions foar or five in num- 
ber; each Volution bearing four or five prominent longitudinal folds, 
which are usually so arranged upon the spire as to form continuous 
ridges along its whole length. These long ridges, together with the 
flattening of the sides of the volutions between them, give a distinctly 
angular aspect to the shell. Volutions m{ftked by numerous revolving 
crenulated or tnberculated coarse lines or slender ridges, and the an- 
terior side of the last one is marked in a similar manner; suture not 
readily distinguishable from the interspaces between the revolving 
ridgesTof the spire ; aperture, when occurring between the longitudinal 
folds, comparatively small ; beak short; canal narrow. 

Height of the largest example in the collection, 12°"° ; greatest di- 
ameter of the last volution, 7°™. 

In general aspect, this shell resembles the C. sexangulatum of Zekeli 
from the Gosau formation of Europe, but it differs from that species 
in being proportionally shorter, in the character of its revolving ridges, 
attd in having the spaces between the longitudinal folds upon the spire 
more flattened. 

The specific name is given in honor of Mr. J. C. Pilling, of the United 
States Oeological Survey. (Museum Ko. 13408.) 

Locality : Shore of Todos Santos Bay, Lower California. 

Cerithiam totiam-sanctonun (sp. noy.). 
(Plate V, Figs. 12 and 13.) 

Shell small, slender; sides of the spire straight or slightly concave; 
volutions eleven or twelve in number, not convex ; each volution marked 
by four tnberculated revolving ridges, the anterior one being usually a 
little more prominent than the other three; at irregular and somewhat 
wide intervals upon the volutions there are moderately prominent lon- 
gitudinal folds which are sometimes arranged approximately in rows 
along the spire, but they are as often scattered ; suture impressed, its 
presence being indicated by a space between the revolving ridges which 
is a little wider than the other spaces ; anterior side of the last volu- 
tion marked by small revolving ridges, but they are crenulated and not 
tuberculate like those upon the sides of the spire ; beak moderately 
small ; canal narrow. 

•Length, 20^; diameter of the last volution, 7"". (Museum No. 
13409.) 

Locality : Shore of Todos Santos Bay, Lower Oalifomia, 
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ISOLARIIDi:. J 

QeDDs SOLARIUM Lamiuok. ^^^^^1 

Solailum wallalense (sp. nor.), ^^^^^^| 

{Platu V, Figs. 1 and a.) ^ 

Shell of medium size, depressed ; volutioDs about foar innuajber, in- 
creasiug »oiiiewbat rapidly in size, carinate at the periphery, broadly 
convex between that carina and the suture; umbilicus of medium size, 
having an obtuse carina at its marj^in ; the space between the periph- 
eral and umbilical cariDas \8 flattened, and marked by numerous very 
small obliquely-radiating ridges, the inner surface of the umbilicus also 
marked by numerous very small radiating lines or ridges which are 
made crenulate by the presence of numerous revolving lines. The type 
specimen shows that the volutions of the spire also bore obliquely-cren- 
u1at«d markiugs, but it ha* been so much weathered that they are nearly 
obliterated. 

Height, about 17"" ; greatest diameter, about 25""", 

The only example that has been obtained is <|aite Impeifect, but it 
is described and named for the purpose of presenting the fauna of tb« 
Wallala Group as fully as practicable. {Museum No. 13412.) 

Ijocnlity : Kear the town of Wallala, Mendocino County, California. 
(362) 
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Fig. 1. View of the cardinal aitle of a partly grown BpenimeD ; natural si 
Fig. 3. Lateral viev of the same eiample, 

Fi);- 3. Inttrrior vieiv of a brok^u apper valve, «1iowiDg the liiage. 
Fig. 4. A fragmeat of a lotrer valve, showiug the cellular atruotnre. 
Fig. fi. Another fragment allowing the boom rtmotnie. 
14 
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CORALLlOCHAWA OR 1 




PLATE II. 
lO&AUJOCHAMA ORCum (page 10). 



Fig. I. CanlliiAl <ri«w of an odolt esaniple ; natanil size. 
16 
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PLATE in. 

• CORALUOCHAHA OKCOrn (page 10). 

Fig. I. A fragment of nlBrgeexompIe,Bhowingt.lieeitireiiie«mvexityof tlie npper 

valve; natural Biie. 
Fig. 3. Lateral view of the aaWie axaniplc. 
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CORAL LlOCHAMA ORCUTTI 




COBALUOCHAKA 



(pngo 10). 



Fig. 1. Cardinal vivw of a partly grown oxumpla ; nutural sine. 

Fig. 2. OppoBitevliiW of another uzample. 

Fig. 3. Bectlou of u portion of an upper valvo, showing tbo onter prismatio layer, 
the inner porcellauons layer, and the cellnlar inner layer, witli tbo vortical 
plates of the outer portion of the latter layer. Partly diagraijiniatic ; nat- 

Fig. 4. Diagram of a transverse section of a lower valve, showing the outer piis- 
inatio layer, the inner porcellanoDB layer, and the miildlu cellular layer. 
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COBALLlOCHAMA ORCUTTI 



Fig. 1. Lateral viei 
Fig. 2. Dmbilioal » 



SOLARIUM WA1J.KN9IS (pnge 11). 



CReiTBtQM PlLLtNOt (ptiKO 13). 



Fig. 3. Lftterol view, natiirnl HJze aoii eiilargo<l> 

Fig. 4. Similar viena of aDot1iert>xan]>te. 

Fig. 5. Similoc views of a tbird exaiiipli>. 

Fig. 6. Similftr views of another eiiuiiple, shoniugtlia npertnre. 

NKRtlA (page 12). 

Fig. 7, Lateral Tiew, natural sise and enlarged, abowiog original mlor-mtu'kings. 

Fig. 8. Similar viewa, shoning tbe ftperiniv niid lunor lip. Tiii^BK einuipltis wcro 
rpri'i veil after (Iji' iiotiri- of Kip S|ierii-9 mi [lage la was priiid'd. They are 
■affloiently perfect to warrant tbe appUcaUon of a new name 
propoMi the name Ntrita eaUforniexiiM. 



(oxtstele) 



{par* IS). 



Fig. 9. Latnal view, natural alie and enlarged. 

Fig. 10. Basal view of the some esaiople, ebowing spertaie and oallooa inner lip. 
Fig. 11. Lateral view of another example not quite mature, and In whiohtbainasr 
lip had not beeome thickened. 

CKBTTHItllf TOTIDK SAMCTOBDH (page 12). 

Fig. 13. Lateral view, natural size and enlarged, nf a Dqarlypetfeot example. 
Fig. 13. Similar view of a fragment of another example. 
22 
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